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Revision History

Revision No. History Draft Date Remark Editor
0.0 - First SPEC Release 16th Jan, 2018 Target J.Y.Bae
0.9 - Preliminary datasheet. 29th Jun, 2018 Preliminary M.S.Bae

- Correct typo. J.Y.Bae

- Update for JEDEC specification Rev. 2.03.
- Remove a part number for K4280325BC-HC12.
- Change GDDR6 SGRAM BALL-OUT.
1. D10: WCK1_c_A, NC -> WCK1_c_A
2. D11: WCK1_t_A, NC -> WCK1_t_A
3. G5: RFU_A, NC -> CA10_A, NC
4. M5 : RFU_B, NC -> CA10_B, NC
5. R4 : WCKO_t_B, NC -> WCKO_t_B
6. R5: WCKO_c_B, NC ->WCKO0_c_B
- Update AC Timings table.
1. Remove QDR WCK.
2. Add a fCKPIN, CKEPW, tCKESR and tHSRF.
4. fWCKSTOP : TBD -> 2000MHz @ Max.
5. Remove a tLTL15TR.
6. Remove a tSRF.
7.tPD : 10 -> max(10tCK, 10) @min [ns].

1.0 - Final datasheet. 7th Sep, 2018 Final M.S.Bae
- Update IDD spec values for HC14. J.Y.Bae
- Update AC timings in Command Address Training Mode table.
- Add VDD conditions in tables below.

1. LDFF and RDTR TIMINGS table.
2. WRTR and RDTR Timings table.
- Update Mode Register Definition 0.
- Update Example of Frequency Modes table.
- Update Silicon Pad Capacitance table.
- Update Thermal Characteristics table.
- Update AC parameter set for IDD test table.
- Remove Self Refresh Current Definitions table.
- Update WCK-to-Data-In Timing Sensitivity table.
- Update WCK-to-Data-Out Timing Sensitivity table.
- Update AC timings in Command Address Training Mode table.
- Add State Diagram.
- Update REFRESH and PER-BANK / PER-2-BANK REFRESH.
- Update Low Power Modes.

- Update Temperature Sensor.
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Revision No. History Draft Date Remark Editor
- Update note No. 13 in AC Timing table.
- Update PSEUDO-CHANNEL (PC) MODE.
- Update Vender ID.
1.1 - Add a code K4Z80325BC-HC12 for 12Gbps. 26th Nov, 2018 Final M.S.Bae
- Change fCK value : 50 -> 25 [MHz] J.Y.Bae

- Update IDD spec values for HC16 and HC12.

1.2 - Change a comment in clocking section. 19th Apr, 2019 Final M.S.Bae
- Update Command Sequences Affected by Bank Groups table. J.Y.Bae
- Update MR7.

1. Add a comment "OP6 of this register is initialized with '0’."
2. OP[6] OB : 0.7*VDDAQ / default
- Update MR10 description.
- Update description VDD off in MR12.
- Add a note in Absolute Maximum Ratings table.
- Update AC & DC Operating Conditions
1.Update VREFD and VREFD2 values.
2. Update note4.
- Add x16 mode.
1.3 - Added K4Z80325BC-HC18 code for 18Gbps 29th Jan, 2020 Final J.Y.Bae

- Updated TBD values of package electrical specification. S.H.Kwak
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1. GDDR6 SGRAM STANDARD OVERVIEW

1.1 Features

+ 2 separate independent channels with point-to-point interface for data,
address and command

« Half CA data rate differential clock inputs CK_t/CK_c for CMD/ADD (CA)
per 2 channels

* Four half data rate differential clock inputs WCK_t/WCK_c, each associ-
ated with a data byte (DQ, DBI_n, EDC) in the channel

» Double Data Rate (DDR) data (with regards to the WCK)

* Double Data Rate (DDR) Command Address (with regards to the CK)

* 16 internal banks

* 4 bank groups for tCCDL = 3 tCK and 4 tCK

« 16n prefetch architecture: 256 bit per array read or write access per chan-
nel

* Burst length: 16 only

* Programmable READ latency: 9 to 31 tCK

* Programmable WRITE latency: 5 to 8 tCK

* WRITE Data mask function via CA bus (single/double byte mask)

+ Data bus inversion (DBI) & Command Address bus inversion (CABI)

« Command Address training: command address input monitoring by DQ/
DBI_n/EDC signals

* WCK2CK clock training with phase information by EDC signals

» Data read and write training via READ FIFO (depth 6)

* READ FIFO pattern preload by LDFF command

* Direct write data load to READ FIFO by WRTR command

» Consecutive read of READ FIFO by RDTR command

» Read/Write data transmission integrity secured by cyclic redundancy

check using either a half or full data rate CRC

1.2 Ordering Information

* READ/WRITE EDC on/off mode

* Programmable EDC hold pattern for CDR

» Programmable CRC READ latency = 1 to 4 tCK and CRC WRITE latency
=10to 16 tCK

* Low Power modes

* On-chip temperature sensor with read-out

* Auto precharge for each burst access

* Auto refresh & self refresh modes

* 32ms, auto refresh (16k cycles)

» Temperature sensor controlled self refresh rate and Partial Array Self
Refresh

* Per-Bank / Per-2-Bank Refresh

* On-die termination (ODT)

» ODT and output driver strength auto-calibration with external resistor ZQ

» Programmable termination and driver strength offsets (40 ohm to 60ohm)

* Internal VREF for data inputs and CA inputs with programmable levels

* Separate internal VREF for CA (Command / Address) inputs

* Vendor ID1 and ID2 for identification

» x16/x8 mode configuration set at power-up with EDC

* Pseudo-channel mode (PC mode) configuration set at power up with
CA6

» 1.35V +/- 0.0405V supply for device operation (VDD)

(Specific parts support 1.25V + 0.0375V)
* 1.35V +/- 0.0405V supply for I/O interface (VDDQ)
(Specific parts support 1.25V + 0.0375V)

+ 1.8 +0.108V /- 0.054V supply for VPP

» 180 ball BGA package with 0.75mm pitch

* IEEE1149.1 compliant boundary scan

Part Number Max Freq. Max Data Rate VDD & vDDQ Interface Package

2250Mhz 18.0Gbps/pin 1.35V+/- 0.0405V POD_135

K4Z80325BC-HC18
2000Mhz 16.0Gbps/pin 1.35V +/- 0.0405V POD_135

K4z80325BC-HC16
1750Mhz 14.0Gbps/pin 1.25V +/- 0.0375V POD_125

180 Ball FBGA

1750Mhz 14.0Gbps/pin 1.35V +/- 0.0405V POD_135

K4Z80325BC-HC 14
1500Mhz 12.0Gbps/pin 1.25V +/- 0.0375V POD_125
1500Mhz 12.0Gbps/pin 1.35V +/- 0.0405V POD_135

K4Z80325BC-HC12
1250Mhz 10.0Gbps/pin 1.25V +/- 0.0375V POD_125
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1.3 General Description

The GDDR6 SGRAM is a high-speed dynamic random-access memory designed for applications requiring high bandwidth. GDDR6 devices contain the
following number of bits:

8GDb has 8,589,934,592 bits

12Gb has 12,884,901,888 bits
16Gb has 17,179,869,184 bits
24Gb has 25,769,803,776 bits
32Gb has 34,359,738,368 bits

The GDDR6 SGRAM's high-speed interface is optimized for point-to-point connections to a host controller. On-die termination (ODT) is provided for all
high-speed interface signals to eliminate the need for termination resistors in the system.

GDDRS6 uses a 16n prefetch architecture and a DDR interface to achieve high-speed operation. The device’s architecture consists of two 16 bit wide fully
independent channels.

GDDRG6 operates from a differential clock CK_t and CK_c. CK is common to both channels. Command and Address (CA) are registered at every rising
edge of CK and every falling edge of CK. There are both single cycle and multi cycle commands. See command truth table for details.

GDDRS6 uses a free running differential forwarded clock (WCK_t/WCK_c) with both input and output data registered and driven respectively at both edges
of the forwarded WCK. See Clocking section for details.

Read and write accesses to GDDRG6 are burst oriented; accesses start at a selected location and consists of a total of sixteen data words. Accesses begin
with the registration of an Activate command, which is then followed by a Read, Write (WOM) or masked Write (WDM, WSM) command.

The row and bank address to be accessed is registered coincident with the Activate command. The address bits registered coincident with the Read,
Write or masked Write command are used to select the bank and the starting column location for the burst access.

This specification includes all features and functionality required for GDDR6 SGRAM devices. In many cases the GDDRG6 specification describes the
behavior of a single channel.
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1.4 Definition Of Signal State Terminology

GDDR6 SGRAM will be operated in both ODT Enable (terminated) and ODT Disable (unterminated) modes. For highest data rates it is recommended to
operate in the ODT Enable mode. ODT Disable mode is designed to reduce power and may operate at reduced data rates. There exist situations where
ODT Enable mode can not be guaranteed for a short period of time, i.e., during power up.

Following are four terminologies defined for the state of a device (GDDR6 SGRAM or controller) signal during operation. The state of the bus will be
determined by the combination of the device signal connected to the bus in the system. For example, in GDDRE® it is possible for the SGRAM pin to be tri-
stated while the controller signal is HIGH or ODT. In both cases the bus would be HIGH if the ODT is enabled. For details on the device’s signals and their
function see Sections Section 8.1 and Section .

Device pin signal level:
» HIGH: A device signal is driving the Logic “1” state.
* LOW: A device signal is driving the Logic “0” state.
* Hi-Z: A device signal is tristate.
» ODT: A device signal terminates with ODT setting, which could be terminating or tristate depending on Mode Register setting.

Bus signal level:
. HIGgH: One device on bus is HIGH and all other devices on bus are either ODT or Hi-Z. The voltage level on the bus would be nominally Vppq.
* LOW: One device on bus is Low and all other devices on bus are either ODT or Hi-Z. The voltage level on the bus would be nominally VOL(DC) if
ODT was enabled, or Vgg if Hi-Z.
* Hi-Z: All devices on bus are Hi-Z. The voltage level on bus is undefined as the bus is floating.
+ ODT: At least one device on bus is ODT and all others are Hi-Z. The voltage level on the bus would be nominally Vppq.

1.5 Definition Of Clocking Terminology

+ Data refers to the signal being clocked (e.g. DQ by WCK and CA by CK)

* Half rate: clock is running at half of the data rate (e.g. WCK 4GHz and DQ at 8Gbps, or CK 1GHz and CA at 2Gbps)
* Quarter rate: clock is running at a quarter of the data rate (e.g. WCK 2GHz and DQ at 8Gbps)

« Eighth rate: clock is running at one eighth of the data rate (e.g. WCK internal 1GHz and DQ at 8Gbps)

* DDR (Double Data Rate): complement to half rate, referring to data relative to clock

* QDR (Quad Data Rate): complement to quarter rate, referring to data relative to clock

* ODR (Octa Data Rate): complement to eighth rate, referring to data relative to clock
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1.6 Pin Configuration
1.6.1 GDDR6 SGRAM BALL-OUT

1 2 4 5 6 7 8 9 10 1 12 13 14
A VDD vss vss VPP VPP Vss - vss VDD
B | | ves - voba voba - - - ves
C vDDQ vDDQ Vss VSS vDDQ VSSs - vDDQ
|=E-E. .
E vDDQ VDD VSS - - vDDQ
F vss vss vDDQ - - vDDQ vss - vss
G vss VSs caza CANA. CKEn A CALA | VSS - VSs
H vDDQ VDD CAOLA  VSS  CA4A CA5A ~ VSS  CA3 A VDD vDDQ
J vDDQ CA9 A CAsA CABLn CA7.A CA6_A  VDDQ
K VREFC ~vDDQ CA9 B CAsB CABLN CA7.B CA6_B  VDDQ
L vDDQ VDD CAOB = VSS  CA4B CA5.B = VSS CA3B VDD vDDQ
M vss cazg CALLE. CKE_.n.B CA1B - VSS
N VSSs vDDQ - vDDQ - VSSs
P vDDQ - vss VDD VDD vss - - vDDQ
| = - TaE
T vDDQ vDDQ VSsSs VSsSs vDDQ - vDDQ
| - e
\') VDD VSs - VPP VSS - VSs VDD

Figure 1. GDDR6 SGRAM 180 ball BGA Ball-out
NOTE :

1) Top View (as seen thru package).
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1.6.2 Package Outline

TOP VIEW

BALL A1
INDICATOR

A

Figure 2. Package Dimensions

[Table 1] Package Parameters

SIDE VIEW

BOTTOM VIEW

1413121110 9 8 7 6 5 4 3 2

joaeRe)

joReRe)

jeaeRe)
<CHXTIUVUZZrXC“IETMMOO®>

OOOOO++:++OOOO
Q0000+ +++0000
OOOOO++:++OOOO
Q0000+ +++000O0
Q0000+ +++0000
OOOOO++:++OOOO
Q0000+ +++0000
Q0000+ +++0000
Q0000+ +'+4+0000

,,,,,,,, PR
|

00000+ +++0000
00000+ +++0000
00000+ +++0000
00000+ +++0000
00000+ +++0000
00000+ +++0000
00000++++0000
00000+ +++0000
Q00 Q++++

5%

O0000000

?OOOOOOO

17 x0.75=12.75

» ‘

—p
5x0.75=3.75 0.75

13x0.75=9.75

A

2)

E

Parameter Symbol

Minimum

Nominal

Variation

Length D

14.00

+/- 0.100

Width E

12.00

+/-0.100

Height A

1.10

+/-0.100

Ball diameter b

0.48

+/- 0.050

Standoff A1

0.24

Ball pitch e

0.75

NOTE :

1) GDDR®6 package size, height and standoff specification is compliant to MO-328, Variation P14.0x12.0-GJ-180A

2) All dimensions in mm unless otherwise noted.

11 -
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1.7 Input/Output Functional Description

[Table 2] Ball-out Description

SYMBOL TYPE DESCRIPTION
Clock: CK_t and CK_c are differential clock inputs. CK_t and CK_c do not have channel indicators as one clock is
CK_t,CK_c Input shared between both Channel A and Channel B on a device. Command Address (CA) inputs are latched on the rising
and falling edge of CK. All latencies are referenced to CK.
\\I/vazg_tt: Write Clocks: WCK_t and WCK_c are differential clocks used for WRITE data capture and READ data output.
WCK1_t’ Input WCKO_t/WCKO_c is associated with DQ[7:0], DBIO_n and EDCO0. WCK1_t/WCK1_c is associated with DQ[15:8],
- DBI1_n and EDC1. The ball out has a WCK/byte.
WCK1_c
Clock Enable: CKE_n LOW activates and CKE_n HIGH deactivates the internal clock, device input buffers, and output
CKE n Inout drivers excluding RESET_n, TDI, TDO, TMS and TCK. Taking CKE_n HIGH provides PRECHARGE POWER-DOWN
- P and SELF REFRESH operations (all banks idle), or ACTIVE POWER-DOWN (row ACTIVE in any bank). CKE_n must
be maintained LOW throughout read and write accesses.
Command Address (CA) Inputs: The CA inputs receive packetized DDR commands, address or other information, for
CA[10:0] Input example, the op-code for the MRS command. See Command Truth Table for details. CA10 is only present in 24 Gb
and 32 Gb densities.
DQ[15:0] I/0 Data Input/Output: 16-bit data bus
DBI[1:0]_n 1/0 Data Bus Inversion. DBIO_n is associated with DQ[7:0], DBI1_n is associated with DQ[15:8].
EDC[1:0] Output Error Detection Code. The calculated CRC data is transmitted on these signals. In addition these signals drive a ‘hold’
’ P pattern when idle. EDCO is associated with DQ[7:0], EDC1 is associated with DQ[15:8].
CABI_n Input Command Address Bus Inversion
Vbbpa Supply I/O Power Supply. Isolated on the die for improved noise immunity.
Vbp Supply Power Supply
Vss Supply  |Ground
Vpp Supply Pump Voltage
VREFC Supply Reference Voltage for CA/CABI_n/CKE_n signals
RFU Reserved for Future Use
NC No Connect
ZQ Reference |External Reference for autocalibration
TDI Input JTAG test data input
TDO Output JTAG test data output
T™MS Input JTAG test mode select
TCK Input JTAG test clock
RESET n Inbut RESET_n LOW asynchronously initiates a full chip reset. With RESET_n LOW all ODTs are disabled. A full chip reset
- P may be performed at any time by pulling RESET_n LOW.
NOTE :

1) Index “_A” or “_B” represents the channel indicator "A" and "B" of the device. Signal names including the channel indicator are used whenever more than one channel is ref-
erenced, as e.g., with the ball-out. The channel indicator is omitted whenever features and functions common to both channels are described.
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1.8 Clocking

The GDDR6 SGRAM supports DDR and QDR operating modes for WCK frequency which differ in the DQ/DBI_n to WCK clock frequency ratio.

Figure 3 illustrates the difference between a DDR WCK and a QDR WCK. GDDR6 SGRAM also supports 2 granularities for the WCK data clock in the
device. GDDR6 SGRAM devices can be designed with either a WCK/byte or a WCK/word. This GDDR6 SGRAM supports DDR operating mode and is
designed with a WCK/byte granularity.

The DRAM info bits for WCK Granularity, WCK Frequency and Internal WCK can be read by the host during the initialization process to determine the
WCK architecture for the device and for devices that support multiple frequencies, MR10 OP9 allows for the mode to be set. For the frequencies for each
mode see Table 92.

In both WCK QDR and DDR modes the GDDR6 device operates from a differential clock CK_t and CK_c. Command and Address (CA) are registered at
every rising and falling CK edge. For both WCK DDR and QDR ratio the GDDR6 device can support either a full data rate EDC or a half data rate EDC.
See EDC section for more details.

A rising CK (or WCK) edge is defined as the crossing of the positive edge of CK_t (or WCK_t) and the negative edge of CK_c (or WCK_c). A falling CK (or
WCK) edge is defined as the crossing of the negative edge of CK_t (or WCK_t) and the positive edge of CK_c (or WCK_c).

[Table 3] Example Clock and Interface Signal Frequency Relationship

PIN DDR WCK QDR WCK UNIT
CK_t,CK ¢ 15 15 GHz
CA 3.0 3.0 Gbps/pin
WCK_t, WCK_c 6.0 3.0 GHz
DQ, DBI_n 12.0 12.0 Gbps/pin
EDC 6.0 | 12.0 6.0 | 12.0 Gbps/pin
DDR WCK
CK - . _
- P ap A ap é f (i.e. 1.75 GHz)
CK t A -/ s A -/ - s
- | | | | | | | |
Wek | | | | | | | |
_C ! I\ Y I\ ) i Y | ' .
WCK _t () ) | 4f (i.e. 7.0 GHz)

DATA ™! 8f (i.e. 14.0 Gbps)
QDR WCK
K f (i.e. 1.75 GHz)
CK_t
CA 2f (i.e. 3.5 Gbps)
WeK \ | | | \ | | |
_C - M M [N 7\ ~ 7\ 7\ 7 ! .
WCK_t v/ v/ o v/ (] _/ _/ _/ 2f (i.e. 3.5 GHz)
DATA ™ 8f (i.e. 14.0 Gbps)

Figure 3. GDDR6 Clocking and Interface Relationship
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Controller

ADD/CMD centered with CK_t/CK_c

GDDR6 SGRAM

ADD/CMD sampled by CK_t/CK_c as DDR

X : ]
CA[9:0]
(3 Gbps)
CK_t/CK_c CKACK
(1.5 GHz) Alignment
PLL/DLL
Data Tx/Rx
N ]
L WCK_t/
WCK_c
(6 GHz or WCK
, int
e 3 GHz) (3 GHz or 1.5GHz)
Clock Phase "
.
. P N EE
Phase detector/ . ]
Phase accumulator G » Q D
I . DATA .
_DI early/late from b (12 Gbps) .
‘:J calibration data : .
. .
Receiver [ "
] DRAM
e ; > —{25]
. .
. X
Clock Phase " .
Controller . .
. T R N
.
" == EEEEEEEEEEEEEEE=EEEEEEEEEEEEEEEE

For 8 data bits

Figure 4. Block Diagram of an example clock system
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2. STATE DIAGRAM

The state diagram provides a simplified illustration of the allowed state transitions and the related commands to control them. The following operations are
not or not completely shown in the diagram:
« state transitions involving more than one bank;
« device configurations set at the exit from reset state, including x16/x8 mode and 2 channel mode vs. PC mode;
« enabling or disabling of on-die termination;
« reading the Vendor ID or temperature sensor via the DQ bus;

« the procedures for WCK2CK training, clock frequency change and dynamic voltage switching (DVS);

« the suppression of a read or write data transfer by the use of the CE bit as part of READ (RD, RDTR) and WRITE (WOM, WDM, WSM, WRTR) com-
mands, intended to be used with PC mode;

« variations of self refresh mode like hibernate self refresh and hibernate self refresh with VDDQ Off;

« the immediate transition from any state to reset state by asserting RESET_n LOW or by loading one of the boundary scan instructions EXTEST,

CLAMP or HIGH-Z.

For a complete description of the device behavior, use the information provided in the state diagram along with the command truth tables and AC timing

specifications.
m CKE_n=H
lCnnligum-’ CA Bus
Device
"\ RESET.n )
G\\h =L - e
Wl N
- ’

=== —=———- -~ ACT

|

|

Activating|

: CKE_n=H \r/

: O:rh\ e\ ]

| | Power- ] |

.. E | X ¥, Training

| 7/ -

|

I WR

|

|

| Wri

|

I \

| \\R:‘i

|

|

I ﬂmm

| 4 8

T

| f re-

I charging —» Command sequence

L L LT X\ — = = <» Automatic sequence
Code Command Code Command
ACT ACTIVATE REF REFab, REFpb or REFp2b
PRE PREac or PREpb MRS MODE REGISTER SET
RD READ PDE POWER-DOWN ENTRY
RDA READ w/AP PDX POWER-DOWN EXIT
WR WOM, WDM or WSM SRE SELF REFRESH ENTRY
WRA WOM, WDM or WSM w/AP SRX SELF REFRESH EXIT

DT LDFF, WRTR or RDTR

Figure 5. Simplified State Diagram
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3.0 INITIALIZATION
3.1 Power-Up Sequence

GDDR6 SGRAMs must be powered up and initialized in a predefined manner. Operational procedures other than those specified may result in undefined
operation. The Mode Registers do not have RESET default values, except for CABI, CA termination, and the EDC hold pattern. If the mode registers are
not set during the initialization sequence, it may lead to unspecified operation.

1) Apply power to Vpp. Apply power to Vpp at the same time or after power is applied to Vpp. Apply power to Vppq at the same time or after power is
applied to Vpp. Vpp must be equal to or higher than Vpp at all times the device is powered up except during power-off sequence.

2) Apply VRregc at same time or after power is applied to Vppq, or pull Vgggc LOW to select internal Vgggc.

3) The voltage levels on all signal balls must be less than or equal to Vpp and Vppq on one side and must be larger than or equal to Vgg on the other side.

4) Assert RESET_n LOW to ensure all drivers are in Hi-Z and all ODT are off. Maintain RESET_n LOW for a minimum time of t;\ 7.

5) Set system configuration info at least a time targ before RESET_n is driven HIGH:

a. Drive CA[5:4]_A and CA[5:4]_B both LOW or HIGH for the desired CK ODT

b. Drive EDC1_A and EDCO_B both HIGH for x16 mode or LOW for x8 mode

c. Drive CA6_A and CA6_B both HIGH for 2 channel mode or LOW for PC mode

d.Drive CA1_A and CAQ_A per Table 5 to select CA bus termination strength for Channel A.
e.Drive CA3_B and CA2_B per Table 5 to select CA bus termination strength for Channel B
d. Drive CK_t, WCK_t to static LOW level, and CK_c, WCK_c to static HIGH level.

After meeting tars requirement, drive RESET_n HIGH

6) After RESET_n is pulled HIGH, maintain CA[6:0] and EDC signals stable for a minimum time of tar.

7) Pull CKE_n LOW after tay is satisfied. Assert and hold NOP command. The device performs the initial impedance calibration during this time; this will
be done without external clocks. Latest after ty 1, the device enables the CK and CA ODT as determined in steps 5 and 6.

8) Provide a stable CK clock for a minimum of ty 3 cycles.

9) Issue MRS command to MR15 to set the device into CA training mode (optional).

10) Complete CA training (optional).

11) Issue MRS command to read the Vendor ID (optional).

12) Issue MRS command to set WCK termination values.

13) Provide stable WCK clocks.

14) Issue MRS commands to the mode registers in any order. Issue MRS commands to use PLL or not, to select the position of a WCK2CK alignment
point and WCK ratio, and to set WLmrs, RLmrs, CRCWL, and CRCRL to appropriate values. All these features must be programmed before WCK2CK
training, and ty,op must be met during this procedure.

15) Issue two REFab commands followed by NOP until tggc,y, is satisfied.

16) After any necessary training sequences such as WCK2CK training, READ training (LDFF, RDTR) and WRITE training (WRTR, RDTR), the device is
ready for normal operation.
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1
& Voltages stable
O Don't Care
Figure 6. Power-up Initialization
NOTE :

CA10 is only present in 24 Gb and 32 Gb densities.

A.C. = Any Command

1) Pull Vgggc ball to Vgg to select internal Vgerc

2) Drive CA[5:4] HIGH or LOW to select default CK ODT

3) Drive CA6 HIGH or LOW to select either 2 channel or PC mode

4) Drive EDC HIGH or LOW to select x8 or x16 mode

5) Drive CA[3:2]_B and CA[1:0]_A HIGH or LOW to select default CA ODT
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[Table 4] Device Initialization Timings

PARAMETER SYMBOL VALUES UNIT NOTES
MIN MAX
RESET_n initial LOW time after power-up tiNIT1 200 - us
Time after RESET_n de-assertion before starting the CK clock tinT2 1 - ms
Stable CK clock cycles before issuing valid commands tiNT3 100 - tek
CA[6:0] and EDC setup time before RESET_n de-assertion taTs 10 - ns
CA[6:0] and EDC hold time after RESET_n de-assertion tATH 10 - ns
RESET_n LOW time with stable power treS 100 - ns
Temperature sensing time after RESET_n deassertion tyALTEMP 1.5 ms
[Table 5] CA Termination
CA[3:2]_B or CA[1:0]_A at Termination with CA6 LOW for CA[10:4], Termination with CA6 HIGH for

RESET _n high transition

Termination for CA[3:0]

CABI_n & CKE_n

CA[10:4], CABI_n & CKE_n

LOW, LOW Disabled Disabled Disabled
LOW, HIGH 60 Ohms 120 Ohms 60 Ohms
HIGH, LOW 120 Ohms 240 Ohms 120 Ohms
HIGH, HIGH Reserved Reserved Reserved
[Table 6] CK Termination

gﬁg:é gﬁzz’é Default CK Termination Value

LOW X Disabled

HIGH LOW 60 Ohm

HIGH HIGH 120 Ohm

-18 -
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3.2 Initialization With Stable Power

The following sequence is required for reset subsequent to power-up initialization. This requires that the power has been stable within the specified Vpp,

Vppaq and Vpp ranges since power-up initialization (see Figure 7):

1) Assert RESET_n LOW anytime when reset is needed.

2) Hold RESET_n LOW for minimum tggg. Assert and hold NOP command.

3) Continue with step 5 of the power-up initialization sequence.

(— Voltages stable

1)1) 4)(_()() ()l) 1)1) A ( ()() (. ((
) )) )) )
Vop:Vopa
( — (( (( ( (( I
v ) N7 ) ) W ) ) ) )
PP
) ( 4()_()4 ( (( ( { (
) ) y ) ) ) ) ) ) )
VRerc
| tars tATH |
—_ | o
T
RESET_n
B (« i gl | |
)
[«

"
) ) )

CKE_n (( (( ( :\
7

(( (.

( (.

)

=

((

)y )
(( ( ((
CK_c ) ) T T ’ N ) " )
( | (( 1 (] (( (( (( “ A <
CK_t } ) _ _/ (W)X (W
CA[10:7], CABI_n, | : ) a4 «
CAB32]A, " Ul ‘)‘X NOP % NOP X N TRAIN /MRS AC. < A: ,(:
CA[1:0]_B | )T 1 i
CcA[5:412) ) )} ckopt (/’(D( ()() NOP ’ NOP ’K NOP ‘ TRAIN /MRS ) N (/< AC. f,(:
77 )T ) ) )\—‘ ‘ﬁ) —)
| | [ |
. 5) { (—\ —\ —\
CA[3:21.B 7, ) )} caopt (?(:X )} Nop (,’ X NOP ‘ TRAIN /MRS N Ac (?{ AC. (’C
CA[1:0_A | L ) | TI \—’ >‘—"—>> —)
L 1 I i
cae® ) )) 2 channel )) J] Nop ,> OP TRAIN /MRS
(( ((_PC mode ((
| 7T | )T | ) rr’ ‘ﬁ
4) L
EDE;E% B { L U i it )}( TRAIN/ MRS ) )) ()()
- 7_17_
| )7 - I I ) 3 v—|—>
DBI1_n, DBIO_n, N P ‘___‘_u_
ba[5:0] ()() (,) (/) ()() ()() ()() / () RAIN / }EX:
EDCO_A, EDC1_B )y T T I )y y—l—r—n—
| |
— [ —— U
Wek e 7 ) ) ) ) ) ) ”“““II”b ‘”I”“;“
(( (( (( (( (( ((
WCK_t ) 5 T T T 3 5 —t
Execution of steps
I I I 9-16 in Power-up I
< »la il ala sequence |
tRES tiNtT2 tiNiT3
1 1 1 1
O Don't Care

Figure 7. Initialization with Stable Power

NOTE :

CA10 is only present in 24 Gb and 32 Gb densities.

A.C. = Any Command

1) Pull VRggg ball to Vgg to select internal Vggrc

2) Drive CA[5:4] HIGH or LOW to select default CK ODT

3) Drive CA6 HIGH or LOW to select either 2 channel or PC mode

4) Drive EDC HIGH or LOW to select x8 or x16 mode

5) Drive CA[3:2]_B and CA[1:0]_A HIGH or LOW to select default CA ODT
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3.3 VendorID

GDDR6 SGRAMs include a Vendor ID feature that allows the controller to receive information from the device to differentiate between different vendors
and different devices using a software algorithm.

Vendor ID is part of the INFO field of Mode Register 3 (MR3) and is selected by issuing a MODE REGISTER SET command with MR3 OP[7:6] = 01 for
ID1 and MR3 OP[7:6] = 11 for ID2. MR3 OP[11:8] and OP[5:0] are set to the desired values.

When the Vendor ID function is enabled the device information will be transmitted on the DQ bus as shown in Figure 8. The device will provide the Vendor
ID as shown in Table 7 or Table 8 depending on whether ID1 or ID2 is selected. For x8 mode the 16 bits of Vendor ID information comes from 2 devices
as only 1 data byte per channel per device is enabled.

Additional information can optionally be provided by the vendor using a vendor specific setting in the Reserved for Vendor Specific Features MR and will
follow the same protocol as vendor ID unless explicitly stated in the vendor data sheet.

The Vendor ID will be driven onto the DQ bus after the MRS command that sets bits OP6 to 1 and OP7 to O for ID1 or to 1 for ID2. The DQ bus will be
continuously driven until an MRS command sets MR3 OP6 and OP7 back to 0. The DQ bus will be in ODT state after tygporr(max). The code can be

sampled by the controller after waiting tyrpon(max) and before tyrporr(min). DBI is not enabled or ignored during all Vendor ID operations.

The EDC hold pattern is continuously driven on the EDC signals provided a stable WCK clock is applied.

[Table 7] vendor ID to DQ Mapping-ID1 (MR3 OP[7:6] = 01)

e DQ15_A DQ14_A DQ13_A DQ12_A DQ11_A DQ10_A DQ9_A DQ8_A
DQ15_B DQ14_B DQ13_B DQ12_B DQ11_B DQ10_B DQ9_B DQ8_B
Code 1 0 1 0 1 0 0 1
Feature Vgl?FQ WCK Frequency Gra\llxglzrity Ir\]/t\?gfl Density
e DQ7_A DQ6_A DQ5_A DQ4_A DQ3_A DQ2_A DQ1_A DQO_A
DQ7_B DQ6_B DQ5_B DQ4_ B DQ3_B DQ2_B DQ1_B DQ0_B
Code 1 0 0 0 0 0 0 1
Feature Revision ID Manufacturer Vendor Code

The Manufacturers Vendor Code, Revision ID and Density allow the host to differentiate which vendor’s device, the revision of the device and the density
used in the system. Internal WCK tells the host whether to use an invert or quad shift when programming MR10 OP[7:4]. WCK Granularity and WCK Fre-

quency are used by the host to determine if the device in the has WCK/byte or WCK/word to allow the device to be properly trained and configured.

[Table 8] vendor ID to DQ Mapping-ID2 (MR3 OP[7:6] = 11)

DQ15_A DQ14_A DQ13_A DQ12_A DQ11_A DQ10_A DQ9_A DQ8_A
pa DQ15_B DQ14_B DQ13_B DQ12_B DQ11_B DQ10_B DQ9_B DQ8_B
Code 1 1 1 1 1 1 1 1
Feature RFU
DQ7_A DQ6_A DQ5_A DQ4_A DQ3_A DQ2_A DQ1_A DQO_A
pa DQ7_B DQ6_B DQ5_B DQ4_B DQ3_B DQ2_B DQ1_B DQO_B
Code 1 1 1 1 1 1 0 0
Feature RFU PRBS Progg;gab'e

Programmable P2BR allows the host to determine if the device has a register to select between MSB and LSB Don'’t Care when using REFp2b
commands or the device has just LSB do not care when using REFp2b commands.

PRBS allows the host to determine if the optional PRBS feature in MR12 is supported by the device.

[Table 9] Manufacturers Vendor Code

ngjé BS%:Q 381:’3 388:’3 Manufacturer’s Name
0 0 0 1 Samsung
0 1 1 0 SK hynix
1 1 1 1 Micron
all others Reserved
SAMSUNG




Rev. 1.3

K4Z80325BC GDDR6 SGRAM

[Table 10] Internal WCK

381 1:‘3\ Internal WCK
0 Internal Quarter data rate WCK
1 Internal Eighth data rate WCK

[Table 11] Channel Density

DQ10_A DQ9_A DQ8_A . .
DQ10_B DQ9_B DQ8_B Channel (Device) Density
0 0 0 RFU
0 0 1 4 Gb (8 Gb)
0 1 0 6 Gb (12 Gb)
0 1 1 8 Gb (16 Gb)
1 0 0 12 Gb (24 Gb)
! 0 1 16 Gb (32 Gb)
all others Reserved
[Table 12] WCK Granularity
DQ12_A .
DQ12_B WCK Granularity
0 WCK/byte
1 WCK/word
[Table 13] WCK Frequency
DQ14_A DQ13_A
DQ14_B DQ13 B WCK Frequency
0 0 Reserved

Half data rate WCK
Quarter data rate WCK
Both

Al o] =~

0
1
1

NOTE :
1) The vendor datasheet shall be consulted for the supported frequency ranges of QDR and DDR WCK in case a device supports both options.

[Table 14] VDDQ Off

DQ15_A

DQ15_B VvDDQ off
0 Hibernate Self Refresh with VDDQ off not supported
1 Hibernate Self Refresh with VDDQ off supported

[Table 15] Programmable P2BR

DQO_A

DQO_B Programmable P2BR
0 Both LSB (BAO) and MSB (BA3) Don’t Care for REFp2b supported
1 LSB (BAO) Don’t Care only for REFp2b
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[Table 16] PRBS

DQ1_A
DQ1_B PRBS
0 Optional PRBS is supported
1 Optional PRBS is not supported
CK_c | | ‘ o |
. | I o !
CK t | | | | 55 | 53‘
| | | | |
cA EIID@@D@D@IID@O@D@I
|
| | tWRIDON(max) | | |
. . .

| \ < | \ \ | K tWRIDOFF(MIN) = Ons \ | |
DQ > Vendor ID (

soc (SR OOy | 00O

OP = Opcode to be loaded O Don't Care

Figure 8. Vendor ID Timing Diagram
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4. ADDRESS
4.1 Command And Addressing

GDDR6 SGRAMSs use a double data rate command address scheme to reduce balls required on the device. The command and address is packetized on
the 10 CA signals (CA[9:0]) over either single cycle or multi cycles depending on the command (see Command Truth Table). For single cycle commands
the command and address data is provided to the device in two parts; the first half is latched on the rising edge of CK; the second half is latched on the
falling edge of CK. An 11th CA signal (CA10) is for 24Gb and 32Gb densities.

GDDRG6 addressing is defined for a single channel with devices having 2 channels/device.

[Table 17] Addressing Scheme

8Gb 12Gb 16Gb 24Gb 32Gb
Memory Density
8,589,934,592 12,884,901,888 17,179,869,184 25,769,803,776 34,359,738,368
Device Organization x16 x8 x16 x8 x16 x8 x16 x8 x16 x8
9 mode mode mode mode mode mode mode mode mode mode
Number channels 2 2 2 2 2
Channel Memory 4Gb 6 Gb 8Gb 12Gb 16Gb
Density
Channel Density 4,294,967,296 6,442,450,944 8,589,934,592 12,884,901,888 17,179,869,184
Array Pre-Fetch 256 128 256 128 256 128 256 128 256 128
(bits, per channel)
Bank address . . . . .
(per channel) BA[3:0] BA[3:0] BA[3:0] BA[3:0] BA[3:0]
Number Banks 16 16 16 16 16

(per channel)

Row address

(per channel) R[13:0] | R[13:0] | R[13:0] | R[14:0] | R[13:0] | R[14:0] | R[14:0] | R[15:0] | R[14:0] | R[15:0]

Number of Rows

16,384 16,384 12,288 24,576 16,384 32,768 24,576 49,152 32,768 65,536
(per channel)

Column address

(per channel) C[5:0] C[6:0] C[6:0] C[6:0] C[6:0] C[6:0] C[6:0] C[6:0] C[6:0] C[6:0]
Page Size 2K 2K 4K 2K 4K 2K 4K 2K 4K 2K
(per channel)
Refresh 16K/32ms 16K/32ms 16K/32ms 16K/32ms 16K/32ms
Refresh period 1.9us 1.9us 1.9us 1.9us 1.9us

NOTE :

1) The column address notation for GDDR6 does not include the lower four address bits as the burst order is always fixed for READ and WRITE commands.
2) Row and column address values on the CA bus that are not used for a particular density must be at valid logic levels.
3) Page Size = 2 "COLBITS * (Prefetch_Size/8) where COLBITS is the number of column address bits.

4) Row address range with R[14:13] = 11 for x8 and R[13:12] = 11 for x16 is not present for 12 Gb density.
5) Row address range with R[15:14] = 11 for x8 and R[14:13] = 11 for x16 is not present for 24 Gb density
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4.2 Command Address Bus Inversion (CABI)

Command Address Bus Inversion (CABI) reduces the power requirements on Command Address (CA) bus, as the number of CA lines driving a LOW
level can be limited to 5 in 2 channel mode or 7 in PC mode for 8 Gb, 12 Gb and 16 Gb densities and limited to 6 in 2 channel mode or 8 in PC mode for
24 Gb and 32 Gb densities.

The Command Address Bus Inversion function is associated with the electrical signalling on the CA lines between a controller and the device, regardless
of whether the information conveyed on the CA lines is a row or column address, a command, a mode register op-code, a data mask, or any other pattern.

The CABI_n input is an active LOW double data rate (DDR) signal and sampled by the device at the rising edge of CK and the falling edge of CK along
with the CA inputs.

Once enabled by the corresponding CABI Mode Register bit, the GDDR6 SGRAM will invert the pattern received on the CA inputs in case CABI_n was
sampled LOW, or leave the pattern non-inverted in case CABI_n was sampled HIGH, as shown in Figure 9.

10or11
CA | ; \ 100r11 4

U DRAM
core

CABIL_n

from Mode Register:
0 =enabled
1 = disabled

Figure 9. Example of Command Address Bus Inversion Logic

The flow diagram in Figure 10 illustrates the CABI operation. The controller decides whether to invert or not invert the data conveyed on the CA lines. The
GDDR6 SGRAM has to perform the reverse operation based on the level of CABI_n. CA input timing parameters are only valid with CABI being enabled
and a maximum of 5,6,7 or 8 CA inputs driven LOW depending on the channel configuration.

count

CABLn="H’ CABIL_n="L"
Don'’t invert Invert

A 4
CABIL_n="H’ CABIL_n="L’
Don’t invert Invert

h 4
A

GDDR6 Data received
SGRAM on CA lines

Figure 10. Command Address Bus Inversion (CABI) Flow Diagram

NOTE :
1) Figure shown for 2 channel configuration. In PC mode check for ‘0’ count > 7 or 8.
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4.3 Bank Groups

For devices operating at frequencies above a certain threshold (fckgg), the activity within a bank group must be restricted to ensure proper operation of
the device. The 16 banks are divided into four bank groups. The bank groups feature is controlled by OP[11:10] in Mode Register 3 (MR3). The

assignment of the banks to the bank groups is shown in Table 18.

[Table 18] Bank Groups

Addressing
Bank

BA3 BA2 BA1 BAO 16 banks

0 0 0 0 0

1 0 0 0 1
Group A

2 0 0 1 0

3 0 0 1 1

4 0 1 0 0

5 0 1 0 1
Group B

6 0 1 1 0

7 0 1 1 1

8 1 0 0 0

9 1 0 0 1
Group C

10 1 0 1 0

11 1 0 1 1

12 1 1 0 0

13 1 1 0 1
Group D

14 1 1 1 0

15 1 1 1 1

These bank groups allow the specification of different command delay parameters depending on whether back-to-back accesses are to banks within one
bank group or across bank groups as shown in Table 19.

[Table 19] Command Sequences Affected by Bank Groups

Command Sequence

Corresponding AC Timing Parameter

Bank Groups Disabled

Bank Groups Enabled

Notes

Accesses to a different bank

Accesses within the same bank

group group
ACTIVATE to ACTIVATE trRrDS trrDS tRROL
WRITE to WRITE tceps tceps tceoL
READ to READ tceps tceps tcooL
Internal WRITE to READ twrs twTrs twrrL
READ to PRECHARGE trTPS trTPL 1

NOTE :

1) Parameters tgrrpg and trrp apply only when READ and PRECHARGE go to the same bank; use tgrpg when BG are disabled, and tgrp. when BG are enabled.
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Figure 11 shows back-to-back column accesses based on tccp and tocpg parameters.

Example 1 (Bank Groups disabled): tccpg =2 * tck

TO T2 T4 Te T8 T10 Ti2 Ti14 Tie Ti18 T20 T22 T24 T26

CAS[A0| |[A1| |Bo] | B1 | |Co|] [C1] |Do]

Example 2: (Bank Groups enabled): tccpr =4 * tek

TO T2 T4 Te T8 T10 Ti2 Ti14 Tie Ti18 T20 T22 T24 T26

cipipipininipininininigipinpint

CAS

DQ [ ..A0. ] Lo AL L A2 A3

Example 3: (Bank Groups enabled): tccpg =2 * tok

TO T2 T4 Te T8 T10 Ti2 Ti14 Tie Ti18 T20 T22 T24 T26

(& G [ 1 A I O

CAS| A0 | | BO | | A1 | | B1 | | Co | D0 C1

DQ '””A'ﬁ””'r””E'Q””" "””é'!"”” '””ﬁ']"”” '””'S;Q”””r””QQ”"' "””S”"”"

Figure 1. tCCDS and tCCDL

NOTE :
1) Column accesses (CAS commands) are to open banks, and trcp has been met.

2) RL = 0 assumed for illustration purposes.
3) Ax, Bx, Cx, Dx: accesses to bank groups A, B, C or D, respectively.
4) With bank groups enabled, tccpy is 3 tck or 4 tck, as programmed in MR3.
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5. TRAINING

5.1 Interface Training Sequence

Due to the high data rates of GDDRE, it is recommended that the interfaces be trained to operate with the optimal timings. GDDR6 SGRAM has features
defined which allow for complete and efficient training of the I/O interface without the use of the device’s memory array. The interface trainings are
required for normal DRAM functionality unless deemed optional by the DRAM vendor or unless running in lower frequency modes as described in the low
frequency section. Interface timings will only be guaranteed after all required trainings have been executed.

A recommended order of training sequences has been chosen based on the following criteria:

The Command Address (CA) training must be done first to allow full access to the Mode Registers. (MR15 for CA training is a special single data rate
mode register guaranteed to work without training). CA input timing shall function without training as long as tag/y are met.

WCK2CK training should be done before read training because a shift in WCK relative to CK will cause a shift in all READ timings relative to CK.

READ training should be done before WRITE training because optimal WRITE training depends on correct READ data. As part of WRITE training, the
host not only has the ability to find the data-eye optimal position in the horizontal direction but also the ability to adjust VREFD levels using the mode
registers to find the data-eye optimal position in the vertical direction.

Initialization

¢

Command Address Training (optional)

¢

WCK2CK Alignment Training

¢

READ Training

¢

WRITE Training

#

Start Normal Operation

Figure 12. Interface Training Sequence
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5.2 Command Address Training

GDDR6 SGRAMSs provide a means for Command Address (CA) bus interface training. The controller may use the CA training mode to improve the timing
margins on the CA bus.

CA training mode is entered via the CADT bits in Mode Register 15 (MR15). Even though CA9 and CA8 are sampled on both rising and falling edge of
CK, the command encoding allows relaxed timing to guarantee the setup and hold times can be met even though the CA bus timing has not yet been
trained. When issuing an MRS command the increase in the CA8 timing around the rising edge of clock will lead to one of three different NOP encodings
depending on the value on CA8 during the falling edges on either side of the clock rising edge. All NOPs are treated equally.

CA training mode uses an internal bridge between the device's CA inputs and DQ/DBI_n/EDC outputs. It also uses a special COMMAND ADDRESS
TRAINING CAPTURE (CAT) command that is encoded using the SDR pin CKE_n. Once the device is placed into CA training mode, the only commands
that can be interpreted use CKE_n = HIGH and are the CAT command, a CA training mapping change or CA training exit. When CKE_n = LOW, the CA
inputs are do not care, no command is decoded and thus will be treated as a NOP. Once the CA training mode has been entered and tyop has been met,
the CA values registered coincident with the CAT command will be transmitted to the controller on DQ/DBI_n/EDC. The controller is then expected to
compare the CA pattern received to the expected value and to adjust the CA transmit timing accordingly. The procedure may be repeated using different
CA patterns and interface timings. No WCK clock is required for this special CA training mode. The latched CA values are driven out asynchronously.

The CABI_n signal can be trained directly by using MR15 OP[3:2] = 11 or indirectly as part of a pass with MR15 OP[3:2] = 10 or 01 by enabling the CABI
in MR1 OP10. When enabled by the CABI bit in Mode Register 1, command address bus inversion (CABI) is effective during CA training mode. It is
suggested to train CABI_n’s interface timing together with the other CA lines. CABI is enabled by default on power up or subsequent reset. If CABI is
disabled, CABI_n (input) is ignored and CABI_n (output) is undefined during CA training.

CA training uses multiple passes to train all the CA signals for the rising and falling CK edge setup and hold times. Table 21 defines the correspondence
between CA bits and DQ/DBI_n/EDC for all three passes.

When in CA training mode, two cycles of CKE_n = HIGH allows either the change of the mapping while in CA training mode or the exit of CA training

mode. The first cycle of CKE_n = HIGH will be interpreted as a CAT command. In the case of a CA training exit, the first cycle of CKE_n = HIGH will be
treated as a dummy CAT command as the CA training exit may disable the outputs before the pattern sent to the CA inputs is output on the data bus as
tapz May be shorter than typr and should not be considered a valid training result. The second cycle will be interpreted as either an exit if MR15 OP[3:2]

= 00 or a change to the mapping. While in CA training mode, tps/ta must be met for the second cycle of CKE_n = HIGH.

Devices configured to x8 mode reflect the CA on the one byte being enabled in that mode, specifically byte 0 in Channel A and byte 1 in Channel B.
Devices configured to x16 mode reflect the CA on the same DQ as in x8 mode; in addition they are allowed but not required to reflect the CA on those
bytes that are disabled in x8 mode, specifically byte 1 in Channel A and byte 0 in Channel B, thus reflecting each CA twice.

The timing diagram in Figure 13 illustrates the typical command sequence in CA training mode. The DQ/DBI_n/EDC output drivers are enabled as long as
the CADT bits are set to either 01, 10 or 11. The minimum spacing between consecutive CAT commands is 2 tck. The minimum spacing between

consecutive CA training passes is tyop as shown in Figure 13. tyop is also to be met before the next valid command after the CA training exit.
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CK_c
CK_t

CKEn ‘ | CAT | « / CAT \ | « / CAT CADT
4 L

Exit

CA[93]
CABLn

CA[32]

CA[74]

CA[10, 1:0]

CAx X CAy?é X CAz
»

[0 Don't Care

58
A's
- ;
S
S
=
><
o B

Figure 13. Command Address Training Timing - Single Pass

NOTE :

1) CAT command encoding: CKE_n = H, CA[10, 9:0] = V. A.C. = Any Valid Command

2) CA inputs are sampled on rising edge of CK and/or falling edge of CK depending on MR15 OP [3:2]. OP3=0, OP2=1 mapping is shown as an example

3) DQs/DBI_n/EDC are enabled when CADT bits in Mode Register 15 set to 01, 10 or 11 (Enter Command Address Training Mode)
DQs/DBI_n/EDC are disabled after tanz when CADT is exited (CKE_n = H for 2 cycles and MR15 OP[3:2] = 00 on the second cycle)

4) During CA training the CAT is the only valid command with other commands not decoded and thus treated as a NOP

5)The initial MRS command to MR15 to enter CA training is shown as DDR, however as timing cannot be guaranteed the command supports relaxed setup and hold timing around the rising edge of
CK. If two back-to-back MR15 MRS commands are issued or seen by the DRAM than only the first will be registered. The same two back-to-back MR15 MRS commands are supported at a CA
training pass change or at CA training exit.

6) Figure shown with CABI enabled. CABI_n is Don't Care if CABI is disabled.

7) CA10 is only present in 24 Gb and 32 Gb densities.

[Table 20] AC timings in Command Address Training Mode

Parameter Symbol Min Max Unit
CAT command to data out delay tADR - 2tCK + 10ns ns
CADT off to DQ/DBI_n in ODT state delay tapz - 1tCK + 10ns ns
(VDD=1.35V)
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5.2.1 Command Address Training with Self Refresh (CADT Self Refresh)

GDDR6 DRAMs support the ability to enable an active Self Refresh mode, here in after CADT Self Refresh mode, to maintain the DRAM contents and
enable the required receivers and transmitter that are normally powered down in Self Refresh mode to allow the CA bus to be trained. To enable CADT
Self Refresh mode, the CADT SRF register (MR2 OP10) should be set to 1 prior to entering CA training mode with MR15 OP[3:2]. By default CADT Self
Refresh will not be enabled when CA training mode is entered. Once the CADT SREF register is set to 1 when MR15 OP[3:2] is set to something other than
00 to enter CA training mode, the DRAM will also enter CADT Self Refresh mode. CA training with Self Refresh does not support Hibernate nor VDDQ off
modes and therefore those two Mode Registers are ignored when entering CADT Self Refresh mode.

CA Training in Self Refresh works exactly the same as in normal CA training with the exception of exit from CA Training. When CA training mode is exited
with two cycles of CKE_n = HIGH and MR15 OP[3:2] = 00 then the device will also exit CADT Self Refresh. After the device has exited CA training with
Self Refresh, tyg is required to be met before another valid command as shown in Figure 14.

If multi pass training is planned, the two cycles of CKE_n = HIGH and MR15 OP[3:2] = 01, 10 or 11 will leave the DRAM in the CADT Self Refresh state
and change the mapping allowing an additional pass after ty;op is met. The current consumption in CADT Self Refresh mode will be higher than in actual
Self Refresh mode because the CK clock, CA and data interface is kept in an active state during CA training.

CA Training without Self Refresh (CADT Mode)

tmop tmop
CA Training Pass1 ————®| CA Training Pass2 ——————®| Valid Command

CA Training with Self Refresh (CADT Self Refresh Mode)

tMop txs
CA Training Pass1 ———————®| CA Training Pass2 [ ®| Valid Command

Figure 14. Multi pass CA Training Timings

An example of one use of CA Training is shown in Figure 15 and Figure 16. The first figure shows an example that sets the CADT SRF register bit in low
frequency where CA bus timing is assumed to be met without prior training. The frequency is changed to a higher frequency using Self Refresh and then
at the higher frequency two passes of CA training before the exit of CA Training and CADT Self Refresh. The second figure shows the same example
CADT sequence without CADT Self Refresh.
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ICADT Self Refresh ICADT SRX
State |dle Self Refresh Idle Idle
ICA training DQ Mapping #1 |CA training DQ Mapping #2 CA training Exit
Don't Don't MRS Don't Don't Don't MRS|
CA? MRS SRE |NOP srRxNop MRS NOP icar| Calcar| Ca|cat| 15| Care  [caT| C2|caT| C@|caT| 15 NOP Valid
e e 3) e e 3)
tmos—p txs —p  tmoo —p tvoo  — tmoo —p
CKE_n | I | | | | | | | | | | | |
Low Frequency: Low to High Mapping #1 Mapping #2 OP3=0,
Frequency For example For example OP2=0
Set MRS for high change OP3=0, OP3=1,
frequency OP2=1 OP2=0

including CADT
SRF
(MR2, OP10=1)

Figure 15. Example of CADT Self Refresh - Multi pass
NOTE :
1) CA training using 2 passes while in Self Refresh is shown as an example.
2) See command truth table for detailed encoding of the Commands shown on the CA bus.
3) The second cycle of CKE_n = H signals the DRAM of a mapping change or CA training exit depending on the value of MR15 OP[3:2]. Two back-to-back MR15 MRS com-
mands are supported at CA training entry, pass change or exit as timing cannot be guaranteed.

State |dle |Self Refresh |Id|e |CA training DQ Mapping #1 ICA training DQ Mapping #2 |CA training Exit| Idle |
Don't] Don't] MRS Don’t Don’t MRS
CA? MRS SRE |NOP srRxNop MRS NOP icar| Calcat| Calcar| 15 | Domtear| Calcar| Calcat| 15 Nop Valid
e e 3) e e 3)
tmos—p txs —p  tmoo —p tvoo  —p tmoo —p
CKE_n | I | | | | | | | | | | | |
Low Frequency: Low to High Mapping #1 Mapping #2 OP3=0,
Frequency For example For example OP2=0
Set MRS for high change OP3=0, OP3=1,
frequency OoP2=1 OP2=0

Figure 16. Example of CA Training - Multi pass
NOTE :
1) CA training using 2 passes with a frequency change is shown as an example.
2) See command truth table for detailed encoding of the Commands shown on the CA bus.
3) The second cycle of CKE_n = H signals the DRAM of a mapping change or CA training exit depending on the value of MR15 OP[3:2]. Two back-to-back MR15 MRS com-
mands are supported at CA training entry, pass change or exit as timing cannot be guaranteed.
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[Table 21] CA to Data Mapping in CA Training Mode

MR15 OP3 =0 0OP2 =1
Output CA inputs registered at rising edge of CK
CA9 CA8 CA7 CA6 CA5 CA4 CA3 CA2 CA1 CA0
CHA EDCO DBIO_n DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO
CHB EDC1 DBI1_n DQ15 DQ14 DQ13 DQ12 DQ11 DQ10 DQ9 DQ8
MR15 OP3 =1 0P2=0
Output CA inputs registered at falling edge of CK
CA9 CA8 CA7 CA6 CA5 CA4 CA3 CA2 CA1 CA0
CHA EDCO DBIO_n DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO
CHB EDC1 DBI1_n DQ15 DQ14 DQ13 DQ12 DQ11 DQ10 DQ9 DQ8
MR15 0OP3=10P2=1
CA inputs registered at rising edge of CK
Output
CABI_n CA10
CHA DQ7 DQ6
CHB DQ15 DQ14
CA inputs registered at falling edge of CK
Output
CABI_n CA10
CHA DQ5 DQ4
CHB DQ13 DQ12
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5.3 WCK2CK Training

The purpose of WCK2CK training is to align the DATA WCK clock with the COMMAND and ADDRESS (CA) CK clock to aid in the device’s internal data
synchronization between the logic clocked by CK and WCK. This will help to define both READ and WRITE latencies between the GDDR6 SGRAM and
memory controller. WCK2CK training mode is controlled via MRS. The host can read the Vendor ID for info on the WCK characteristics such as WCK
Granularity, WCK Frequency and the Internal WCK architecture to ensure the DRAM is configured properly.

Before starting WCK2CK training, the following conditions must be met:

+ CKclock is stable and toggling
+ The timing of all CA signals must be guaranteed
* PLL on/off (MR1 OP7) and PLL delay compensation enable (MR7 OP2) are set to desired mode

* The desired WCK2CK alignment point (MR7, OP0) and WCK Ratio (MR10 OP9) are selected.

* 2 Mode Register bits for internal WCK Inversion / Quad Shift (MR10, bits OP[7:4]) must be set to a known state
» All banks are idle and no other command execution is in progress

WCK2CK training must be done after any of the following:
» Device initialization
* Any RLmrs, WLmrs, CRCRL or CRCWL latency change
+ CKand WCK frequency changes
* PLL on/off (MR1 OP7) and PLL delay compensation mode (MR7 OP2) changes
+ Change of the WCK2CK alignment point (MR7 OPO0) or WCK Ratio (MR2 OP11)
+ Self Refresh exit or exit from Power-Down when LP2 (OP1 in MR5) is set

Figure 17 and Figure 18 show example WCK2CK training sequences. WCK2CK training is entered via MRS by setting OP8 in MR10. This will initiate the
WCK divider circuits associated with WCKO0 and WCK?1 clocks in the case of WCK/byte. In case the divider circuits on each byte of the channel are not in
phase, which is indicated by opposite or multiple U.I. Offset “early/late” phases on the EDC signals, they may be put into phase by using the WCK INV/
Quad shift MR bits to either invert the internal WCK (2UI shift if using internal quarter-rate WCK, 4UI shift if using internal eight-rate WCK) or Quad shift
the internal WCK (2UlI shift if using internals eighth-rate WCK, not valid with internal quarter-rate WCK). Alternatively, the WCK clocks may be put into a
stable inactive state for this initialization event to aid in resetting all dividers to the same output phase as shown in Figure 18. The host is required to
restart the WCK clocks in a way that all clock edges meet the WCK clock input specification. Otherwise, the WCK divider circuits for both WCKO and
WCK1 might again have opposite alignment (Internal Quarter data rate) or out of phase alignment (internal eighth data rate). The use of this WCK2CK
training method is restricted to operating frequencies up to fyycksTop- Figure 20 illustrates the difference between a device that uses an internal quarter

data rate and a device that uses a internal eighth data rate for the internal WCK divider circuit.

Figure 19 illustrate how the WCK phase information is derived. The phase detectors (PD) sample the internally divided WCK clocks. Only one sample
point is shown in the figure for clarity. In reality, when WCK2CK training mode is enabled, a sample will occur every tck and will be translated to the EDC
signals accordingly. If the divided WCK clock arrives early, then the EDC pin outputs a HIGH during the time interval specified in Figure 19. If the divided
WCK clock arrives late, then the EDC pin outputs a LOW during the time interval specified in Figure 19. This is shown in Table 22. Finally, if the divided
WCK and CK clocks are perfectly aligned at the PD, the EDC signals are indeterminate.
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CK_t \,
CK_c ./

WCKJ B L o Lh ] LT e reppemypy ,g

T ! e

Enter WCK2CK Training Start WCK2CK PLL/DLL Reset Exit WCK2CK Training
Phase Search (PLL/DLL on only) ~(sets data synchronizers,
rests FIFO pointers)

Figure 17. Example WCK2CK Training Sequence

twekamRs
T T
Enter WCK2CK WCK Start WCK2CK PLL/DLL Reset Exit WCK2CK
Training by MRS Restart Phase Search (PLL/DLL on only) Training by MRS
(resets WCK divider (Set data synchronizers,
circuits) resets FIFO pointers)

Figure 18. Example WCK2CK Training Sequence with WCK Stopping

CK

WCK
(internal)

0 - twekeck

Q) Early EDC % // W % % WCK Early W ///'/ W / %

; > twckoPH
e ,@. .
(internal) : ; !
| ;
==+ twekack
CYNNSN 7 EO  U,
| : H > twckepH

(int‘gx?.ﬁ) m
(3)Aligned  EDC W / W / W // W / W // %

( > tWCKZPH
I '

Figure 19. EDC pin Behavior for WCK2CK Training with Internal WCK

NOTE :
1) Example shows an internal eighth data rate WCK.

34 SAMSUNG



Rev. 1.3

K4Z80325BC GDDR6 SGRAM

o« L
Internal Quarter data rate WCK S AYAVAVAVAVAVAVAVAVAVAWAL

External Half data rate WCK divide-by-2 & /2

wew M\ UL
weor UL

o« [ [
O AV AVAVAVAVAVAVAVAVAVAWAL

Internal Eighth data rate WCK & /a
External Half data rate WCK divide-by-4 (shown) WCKD® _/_\_/_\_/_\_
or External Quarter data rate WCK divide-by-2
weot [ L[
weo [ [ L[

weor [ [ L[

Figure 20. Internal WCK Divider Circuit

NOTE :
1) External Quarter data rate WCK divide-by-4 is not a valid architecture for a WCK Divider.
2) WCKO° represents the possible positions of the internal divided WCK clock.

[Table 22] Phase Detector and EDC behavior

Internal Quarter data rate or Internal Eighth data rate WCK2CK Phase Data on EDC Action
value sampled by CK
‘HIGH’ ‘Early’ HIGH Increase Delay on WCK
‘LOW’ ‘Late’ LOW Decrease Delay on WCK

The ideal alignment is indicated by the phase detector output transitioning from “early” to “late” when the delay of the WCK phase is continuously
increased. The WCK phase range for ideal alignment is specified by the parameter tyyckockpin in the vendor’s datasheet; the value(s) vary with the PLL/
DLL mode (on or off) and the selected alignment point.

If enabled, the PLL/DLL shall not interfere in the behavior of the WCK2CK training. Significantly moving the phase and/or stopping the WCK during

training may disturb the PLL/DLL. It is required to perform a PLL/DLL reset after the WCK2CK training has determined and selected the proper alignment
between WCK and CK clocks. The PLL/DLL lock time t| x must be met before exiting WCK2CK training to guarantee that the PLL/DLL is in lock such that

the data synchronizers are set upon WCK2CK training exit.

WCK2CK training is exited via MRS by resetting OP8 in MR10. For proper reset of the data synchronizers it is required that the WCK and CK clocks are
aligned within tyckaocksyne at the time of the WCK2CK training exit.

After exiting WCK2CK training mode, the WCK phase is allowed to further drift from the ideal alignment point by a maximum of tyckock (€.9., due to
voltage and temperature variation). Once this WCK phase drift exceeds tyyckock(min) or tyckock(max), it is required to repeat the WCK2CK training and
realign the clocks. The values of tyckaock and twekacksync may vary with the WCK ratio as defined in the AC timing table.

35 SAMSUNG



Rev. 1.3

GDDR6 SGRAM

K4280325BC

5.3.1 WCK2CK Auto Synchronization

When WCK2CK automatic synchronization mode is enabled using MR7 OP4, WCK2CK training can be limited to meeting the tyckocksync specification
and issuing two WCK2CK MRS for WCK 2CK training entry and exit. The PLL/DLL sequence is not affected by this mode. The use of WCK2CK automatic
synchronization mode is restricted to operating frequencies up to fockauTosync @s described in vendor's datasheets.

Table 23 describes WCK2CK training methods for different frequency ranges. Each Frequency range is vendor specific. Normal mode of WCK2CK
training are described in Table 23. Divider initialization can be done by training with WCK2CK inversion, WCK2CK stopping, or WCK2CK auto-sync. If the
user wants to use WCK2CK stop for divider initialization instead of WCK2CK auto-sync, the user must not set the WCK2CK auto-sync. Below middle
frequency, the combined use of PIN and WCK2CK auto-sync modes can minimize WCK2CK training time.

[Table 23] An example of WCK2CK training simplified for Normal mode

Frequency (Vendor Specific)

High Frequency

Middle Frequency

Low Frequency

(i.e., 12Gbps) (i.e., 4Gbps) (i.e., 800Mbps)
WCK2CK alignment mode Normal Normal Normal
Phase Search Required Required No™

NOTE :
1) The divided WCK_t/WCK_c should be aligned CK_t/CK_c by WCK2CK Auto Synchronization or WCK stop mode.

The following examples describe the WCK2CK training in more detail.

Example 1: outline of a basic WCK2CK training sequence without WCK clock stop:
1) Enable training mode via MRS and wait tyop
2) Sweep and observe the phase independently for WCKO on EDCO and WCK1 on EDCH1;
in case the internal divider circuits are at opposite phase use either the WCK inversion / quad shift bits to flip/shift one of the WCK divider circuits
3) Adjust the WCK phase independently for WCKO and WCK1 or WCKO for WCK/word to the optimal point (“ideal alignment”)
4) Issue a PLL/DLL reset and wait for t_ x (PLL/DLL on mode only)
5) While all WCK and CK are aligned, exit WCK2CK training mode via MRS
6) Wait tyyop for the reset of data synchronizers

Example 2: outline of a basic WCK2CK training sequence with WCK clock stop:
1) Stop WCK clocks with WCKO_t/WCK1_t LOW and WCKO0_c/WCK1_c HIGH
2) Wait tyyckamrs for internal WCK clocks to settle
3) Enable training mode via MRS and wait tyrsTwek for divider circuits to reset
4) Start WCK clocks without glitches (divider circuits remain in sync)

5) Wait tyyckotr for internal WCK clocks to stabilize

6) Sweep and observe the phase independently for WCKO on EDCO and WCK1 on EDC1 or WCKO for WCK/word;
adjust the WCK phase to the optimal point (“ideal alignment”)

7) Issue a PLL/DLL reset and wait t, x (PLL/DLL on mode only)

8) While all WCK and CK are aligned, exit WCK2CK training mode via MRS

9) Wait tyyop for the reset of data synchronizers

Example 3: WCK2CK training sequence for configurations with 2 devices sharing their WCK clocks:

1) Enable training mode for both DRAMs via MRS and wait tyop

2) For both DRAMs sweep and observe the phase independently for WCKO on EDCO and WCK1 on EDC1;
in case the internal divider circuits are at opposite phases use either the WCK inversion / quad shift bits to flip/shift one of the WCK divider circuits;
use MREA and MREB bits in MR15 (soft chip select) to explicitly direct the MRS command for this operation to one of the two devices.

) Sweep and observe the phase on the first device; store the setting for the optimal WCK phase.

) Sweep and observe the phase on the second device; store the setting for the optimal WCK phase.

) Sweep WCK phase to the midpoint of both device’s optimal settings

) Issue a PLL/DLL reset and wait for t x (PLL/DLL on mode only)

) While all WCK and CK are aligned, exit WCK2CK training mode via MRS

)

3
4
5
6
7
8) Wait tyyop for the reset of data synchronizers
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READ and WRITE latency timings are defined relative to CK. Any offset in WCK and CK at the balls and/or the phase detector will be reflected in the
latency timings. The parameters used to define the relationship between WCK and CK are shown in Figure 21. For more details on the impact on READ
and WRITE timings see the OPERATIONS section.

CK_c —
CK_t \ ‘\7 — g

Case 1: Negative tWCKZCKI’IN; tWCKZCK =0 (ideal WCK2CK alignment)

MM twCK2CKPIN
WCK ¢ - — —, —
SO A U Y U A Y/
|

WCK_t ~

Case 2: Negative tywciockpin; Negative twckock |
— twekackpIN + twekack

oY/ /A N A WY Y e Y

Case 3: Positive tWCKZCKI’IN; tWCKZCK =0 (ideal WCK2CK alignment)
> twciackein
WCK_C* — I — — — ol
/A W/ W/ S SV &

Case 4: Positive tWCKZCKI’IN; positive tWCKZCK ‘
€« twerackein * twekack

o /A VAN WY Al VA W A

Figure 21. WCK2CK Timings for WCK QDR Ratio

NOTE :
1) twekackpin @nd twekack parameter values could be negative or positive numbers, depending on the selected WCK2CK alignment point, PLL-on-or PLL-off mode operation

and design implementation. They also vary across PVT. WCK2CK training is required to determine the correct WCK-to-CK phase for stable device operation.

|
tex

< >
e | e
CK__t JL . ,\k /,_,

Case 1: Negative tWCKZCKPIN; tWCKZCK =0 (1deal WCKZCK alignment)
twekn twekL - tyek

| twekeckpIN

S S N A Y A U A A

Case 2: Negative tWCKZCKI’IN; negative tWCKZCK‘
—P/ twekockpiN + twekeck

ooy UV Y e VA U an W e

Case 3: Positive tywcxockpiny twekeck = 0 (ideal WCK2CK alignment)
| twekackein
WCK_c — —, - - - = -
IS W/ /A Y W A

Case 4: Positive tWCKZCKPIN; positive tWCKZCK ‘
WCK_t «— twekackpin * twckack
- T I — - - = R
WCK_c i/\ /n ,\ /7 ,/\ /q 7\ )‘/7 7/\ /; B

Figure 22. WCK2CK Timings for WCK DDR Ratio

NOTE :
1) twekackpin @nd twekock Parameter values could be negative or positive numbers, depending on the selected WCK2CK alignment point, PLL-on-or PLL-off mode operation

and design implementation. They also vary across PVT. WCK2CK training is required to determine the correct WCK-to-CK phase for stable device operation.
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5.4 Read Training

Read training allows the memory controller to find the data-eye optimal position (symbol training) and burst frame location (frame training) for each high-
speed output of the device. Each pin (DQ[15:0], DBI[1:0]_n, EDC[1:0]) can be individually trained during this sequence.

For Read Training the following conditions must be true:

+ atleast one bank is active, or a REFab must be in progress and OP2 in Mode Register 5 (MR5) is set to 0 to allow training during a REFab (to
disable this special refresh enabling of the WCK clock tree an ACT command must be issued, or the device must be set into power-down or self
refresh mode)

+ WCK2CK training must be complete
+ the PLL/DLL must be locked, if enabled

+ RDBI and WDBI must be enabled prior to and during Read Training if the training shall include DBI_n. RDCRC and WRCRC must be enabled prior
to and during Read Training if the training shall include the EDC signals.

The following commands are associated with Read Training:

+ LDFF to preload the Read FIFO;
+ RDTR to read a burst of data directly out of the Read FIFO.

Neither LDFF nor RDTR access the memory core. No MRS is required to enter Read Training.

Figure 23 shows an example of the internal data paths used with LDFF and RDTR. Table 24 lists AC timing parameters associated with Read Training.

[Table 24] LDFF and RDTR TIMINGS

PARAMETER SYMBOL VALUES UNIT NOTES
MIN MAX
ACTIVATE to LDFF command delay tRCDLTR 1tCK + 4 - ns
ACTIVATE to RDTR command delay tRCDRTR 1CK + 4 - ns
REFab to RDTR or WRTR command delay tREFTR 1tCK + 12 - ns
RDTR to RDTR command delay tceops 2 - tek 1
LDFF to LDFF command cycle time tLTLTR 4 - tck
LDFF15 to RDTR command delay tTRTR 4 - tek
READ or RDTR to LDFF command delay tROTLT CLmrs + 5 - tek

(VDD = 1.35V)

NOTE :
1) Use tccps for gap-less consecutive RDTR commands regardless whether Bank Groups is enabled or not.
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e.g., 750 Mbps
1:16 D Reverse 12
Serial to Parallel P
Converter

WRTR strobe
(CK domain) WRIR
DQ/DBI FIFO: 6 x 144 bits 1\[31 CRCS DRAM
DQ[7:0] X Core
DBIO_n e.g., 12 Gbps
0 7|0 7H
B M
Parallel to Serial o U DBI 128
Converter | | X
& ] WRTR
750 Mbps | LDFF
o4 71/64 71
0 1Tz 3l4/5 i
RDTR strobe input U WRTR strobe
(WCK domain) pointer X LDFF strobe
EDC FIFO: 6 x 16 bits N
U
Parallel to Serial X
Converter ]
DEMUX
EDCO X Q fT o 1]2(3]4(5|6|7[8]ofionfiisfihs LDFF BAO-BA3
0[1/2/3/4|5 0[1/2]3(4|5 M CRC strob
RDTR strobe input U strobe Address
(WCK domain) jRomtey ROIMIES X LDFF15 strobe Path
CA[10:0] RX
NOTE : - Data path used with LDFF
1) Data paths shown for 1 of 2 bytes (byte 0 Channel A) @ Data path used with WRTR
2) CA10 is only present in 24Gb and 32Gb densities. _ Data path used with LDFF/WRTR

- Data path used with RDTR

Figure 23. Data Paths used for Read and Write Training
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5.4.1 LDFF Command

The LDFF command (Figure 24) is used to securely load data to the device’s Read FIFOs via the CA bus. The READ FIFO has a fixed depth of 6 bursts
and thus can store a 6 x 16 = 96 U.I. long bit pattern uniquely to every DQ, DBI_n and EDC pin within a byte.

Sixteen LDFF commands are required to fill one FIFO stage; each LDFF command loads one burst position, and B[3:0] conveyed on CA[7:4] select the
burst position from 0 to 15.

The data pattern D[9:0] for DQ[7:0], DBIO_n, and EDCO is conveyed on CA[5:0]; the data are internally replicated to both bytes in a channel, as shown in
Figure 25.

LDFF loads the DBI FIFO when WDBI and RDBI are enabled in the Mode Register. It also loads the EDC FIFO regardless of the WRCRC and RDCRC
Mode Register bits, and no CRC is calculated; however, RDBI and RDCRC must be enabled to read the DBI and EDC bits, respectively, with the RDTR
command.

If the EDC Mode is set to Half data rate in MR2 OP8, the pattern for the EDC pin provided with the LDFF command must be the same for the even and
next odd burst position (e.g. burst positions 0-1, 2-3, ..., 14-15).If retrieved from the EDC FIFO using the RDTR command, such a pattern will appear as
a half data rate.

LDFF

CK_t
CKE_n

CA10

CA9

CA8

CA7

CA6

CA[5:4]

CA[3:0]

[ ] poNTcaRE
B = Burst Position

D = Data Pattern
V = Valid (H or L, but not floating)

Figure 24. LDFF Command
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LDFF Command CA-to-DQ Mapping 1 FIFO STAGE =1 BURST
CK_C___X_\F__ Byte 0 Byte 1 0123456789101112131415
CK_t—T\ DO [DQO | DQ8 |

CA0 [D0 D4 —>
ca1 R D1 [ DQ1  DQY
CA2 D2 D6

— D2 [ DQ2 | DQI
cas W0 | | DQ2 [ DQI0
CA4 |BO | D8

(D3] [ DQ3 [DQi |

CA5 |B1 [*D9
CA6 |B2 L
CA7 [B3 M [D4] [ DO4 | DOI2 |
CA8 |[H :|'H,

. D D DQ1
s D5 [ DQs [DQI3]

| D6 | [ DQ6 | DQ14 |

' D7 | [ DQ7 | DQI5

| D8 | [ DBIO_n| DBII_n|

| D9 | [EDCO| EDC1 |

Burst Position

o[1]2]3]4]5]6]7[8]ofofi1fi2fi3fiafi5
B0 | [o]1[o[1]o[1]o]1[o[1[o[1]0[1]0]T
v e » [ B1 | [o[o[1[1]ofo[1[1]o[o]1[1]0[0]1]a
CEEEEEER LI I » B2 | [o[ofo[o[1[z][z[z]ofoo]o[1|1] 1|
e » [ B3| [o]o[o]ofo]ofolo1][1]1[1]1[1]1]a
LDFF FIFO Load Pulse

Figure 25. LDFF Command Address to DQ/DBI_n/EDC Mapping

All bursts (0 to 15) must be loaded; LDFF commands to burst 0 to 14 may be issued in random order; the LDFF command to burst 15 (LDFF15) must be
the last of 16 consecutive LDFF commands, as it effectively loads the data into the FIFO and results in a FIFO pointer increment. Consecutive LDFF
commands have to be spaced by at least t_ 1 Tr.

LDFF pattern may efficiently be replicated to the next FIFO stages by issuing consecutive LDFF commands to burst 15 (with identical data pattern). The
data pattern in the scratch memory for LDFF will be available until the first RDTR command.

The DQ/DBI_n output buffers remain in ODT state during LDFF.
An amount of LDFF commands to burst 15 greater than the FIFO depth is allowed and shall result in a looping of the FIFO’s data input.

The total number of LDFF commands to burst 15 modulo FIFO depth must equal the total number of RDTR commands modulo FIFO depth when used in
conjunction with RDTR. No READ or WRITE commands are allowed between LDFF and RDTR.

The EDC hold pattern is driven on the EDC signals during LDFF.
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5.4.2 RDTR Command

A RDTR burst is initiated with a RDTR command as shown in Figure 26. No bank or column addresses are used as the data is read from the internal
READ FIFO, not the array. The length of the burst initiated with a RDTR command is sixteen. There is no interruption nor truncation of RDTR bursts. The
FIFO access is suppressed when CE bit is LOW. In two channel mode CE shall be driven HIGH.

RDTR

CK_t
CKE_n

CA9

CA8

1
RDTR

CA3

NORDTR

CA7

CA6

o IXOCA | /T

V =Valid (H or L, but not floating) || DON'T CARE

Figure 26. RDTR Command
A RDTR command may only be issued when a bank is open or a refresh is in progress and bit OP2 in MR5 is set to 0 to allow training during REFab.

RDBI and RDCRC must be enabled to read the DBI and EDC bits, respectively, with the RDTR command. If not set, DBI_n will remain in ODT state, and
the EDC signals will drive the EDC hold pattern.

An amount of RDTR commands greater than the FIFO depth (= 6) is allowed and shall result in a looping of the FIFO’s data output.

During RDTR bursts, the first valid data-out element will be available after the Read latency (RL). The latency is the same as for READ. The data on the
EDC signals comes with additional CRC latency (tcrcrp) after the RL.

Upon completion of a burst, assuming no other RDTR command has been initiated, all DQs and DBI_n will drive a value of '1' and the ODT will be
enabled at a maximum of 1 tck later. The drive value and termination value may be different due to separately defined calibration offsets. If the ODT is

disabled, the signals will drive Hi-Z.

Data from any RDTR burst may be concatenated with data from a subsequent RDTR command. A continuous flow of data can be maintained. The first
data element from the new burst follows the last element of a completed burst. The new RDTR command should be issued after the first RDTR command
according to the tgcpg timing.

A WRTR can be issued any time after a RDTR command as long as the bus turn around time tgyy is met.

The total number of RDTR commands modulo FIFO depth must be equal to total number of WRTR commands modulo FIFO depth when used in
conjunction with WRTR. No READ or WRITE commands are allowed between WRTR and RDTR.

The total number of RDTR commands modulo FIFO depth must be equal to the total number of LDFF commands to burst position 15 modulo FIFO depth
when used in conjunction with LDFF. No READ or WRITE commands are allowed between LDFF and RDTR.
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5.5 WRITE Training

Write training allows the memory controller to find the data-eye optimal position (symbol training) and burst frame location (frame training) for each high-
speed input of the device. Each signal pin (DQ[15:0] and DBI[1:0]_n) can be individually trained during this sequence.

For Write Training the following conditions must be true:

+ atleast one bank is active, or a REFab must be in progress and bit OP2 in Mode Register 5 (MR5) is set to 0 to allow training during a REFab (to
disable this special REF enabling of the WCK clock tree an ACT command must be issued, or the device must be set into power-down or self refresh
mode)

+ the PLL/DLL must be locked, if enabled.
+  WCK2CK training should be complete
* Read training should be complete

+ RDBI and WDBI must be enabled prior to and during Write Training if the training shall include DBI_n. RDCRC and WRCRC must be enabled prior
to and during Write Training if the training shall include the EDC signals.

The following commands are associated with Write Training:

* WRTR to write a burst of data directly into the Read FIFO;
+ RDTR to read a burst of data directly out of the Read FIFO.

Neither WRTR nor RDTR access the memory core. No MRS is required to enter Write Training.

Figure 23 shows an example of the internal data paths used with WRTR and RDTR. Figure 28 shows a typical Write training command sequence using
WRTR and RDTR. Table 25 lists AC timing parameters associated with WRITE Training.

[Table 25] WRTR and RDTR Timings

VALUES
PARAMETER SYMBOL UNIT |[NOTES
MIN MAX
ACTIVATE to WRTR command delay tRcOWTR 1tCK + 8 — ns
ACTIVATE to RDTR command delay tRCDRTR 1tCK + 4 - ns
REFab to RDTR or WRTR command delay tREFTR 1MCK + 12 — ns
RD/WR bank A to RD/WR bank B command delay different bank
tceps 2 - tek 1
groups
WRTR to RDTR command delay twTrTR WLmrs + 4 - tok
WRITE to WRTR command delay twRWTR 2 - tek
CLmrs + BL/4 -
WLmrs + (bus turn
t —
READ or RDTR to WRITE or WRTR command delay RTW around time)/tCK + ns 2
3
(vDD = 1.35V)
NOTE :

1) Use tccps for gap-less consecutive WRTR and RDTR commands regardless whether Bank Groups is enabled or not.
2) trrw is not a device limit but determined by the system bus turnaround time. The difference between tyckapqo and twckopar shall be considered in the calculation of the bus
turnaround time.
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5.5.1 WRTR Command

A WRTR burst is initiated with a WRTR command as shown in Figure 27. No bank or column addresses are used as the data is written to the internal
READ FIFO, not the array. The length of the burst initiated with a WRTR command is sixteen. There is no interruption nor truncation of WRTR bursts. The
FIFO access is suppressed when CE bit is LOW. In two channel mode CE shall be driven HIGH.

WRTR

CK_c

CK_t
CKE_n

CA9

CA8

CA3

CA10, CA5, CA[2:0]

CA7

CA6

CA4

V =Valid (H or L, but not floating) |:| DON'T CARE
Figure 27. WRTR Command
A WRTR command may only be issued when a bank is open or a refresh is in progress and OP2 in MR5 is set to 0 to allow training during REFab.

WDBI and WRCRC must be enabled to write the DBl and EDC bits, respectively, with the WRTR command. If WDBI is not set, a ‘1’ will be written to the
DBI FIFO, and a ‘1’ will be assumed for the DBI_n input in the CRC calculation. In contrast to a normal WRITE, no CRC is returned by the WRTR
command and the EDC signals will drive the EDC hold pattern.

Please note that RDCRC must be enabled to read the calculated CRC data with the RDTR command.

An amount of WRTR commands equal to the FIFO depth (= six) is required to fully load the FIFO; any number of WRTR commands greater than the FIFO
depth is allowed and shall result in a looping of the FIFO’s data input.

During WRTR bursts, the first valid data-in element must be available at the input latch after the Write Latency (WL). The Write Latency is the same as for
WRITE.

Upon completion of a burst, assuming no other WRTR data is expected on the bus the DQs and DBI_n will be driven according to the ODT state. Any
additional input data will be ignored.

Data from any WRTR burst may be concatenated with data from a subsequent WRTR command. A continuous flow of data can be maintained. The first
data element from the new burst follows the last element of a completed burst. The new WRTR command should be issued after the previous WRTR
command according to the tccpg timing.

A RDTR can be issued any time after a WRTR command as long as the internal bus turn around time tytrtr is met.

The total number of WRTR commands modulo FIFO depth must equal the total number of RDTR commands modulo FIFO depth when used in
conjunction with RDTR. No READ or WRITE commands are allowed between WRTR and RDTR.
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TO T2 T4 T6 T9 T10 Ta Ta+2 Ta+4 Tat6 Ta+8

e EREECCZ@@CCEC 38@@22:2@@@:2@

WLmrs | WLmri tWTRTR RLmrs_ CRCRL_ _RLmrs_ _CRCRL

|
ERLEEL
EDC | EDC il EDC HQla] EDC ) EDC Ha) EDC Hold] Ebc hold) EDC deDCH I ””“ K

"
| I I | | | | | | I
l:l Don't Care

Figure 28. Write Training using WRTR and RDTR Commands

NOTE :
1) WLmrs, RLmrs and CRCRL = 1 for ease of illustration; check Mode Register definition for supported settings.
2) WCK and CK are shown aligned (tyyckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
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6. MODE REGISTERS

GDDRS6 specifies 14 Mode Registers to define the specific mode of operation. MR0O to MR12 and MR15 are defined as shown in the overview in Table 26.
MR13 and MR14 are not defined and reserved for vendor specific features. Reprogramming the Mode Registers will not alter the contents of the memory
array.

All Mode Registers are programmed via the MODE REGISTER SET (MRS) command and will retain the stored information until they are reprogrammed,
chip reset, or the device loses power. Mode Registers must be loaded when all banks are idle and no bursts are in progress, and the controller must wait
the specified time ty;op before initiating any subsequent operation. Violating either of these requirements will result in unspecified operation.

No default states are defined for Mode Registers except when otherwise noted. Users therefore must fully initialize all Mode Registers to the desired
values upon power-up or after a subsequent chip reset.

Reserved states should not be used, as unknown operation or incompatibility with future versions may result. RFU bits are reserved for future use and
must be programmed to 0.

If the user activates bits in an optional field, either the optional field is activated (if option is implemented in the device) or no action is taken by the device
(if option is not implemented).

[Table 26] Mode Registers Overview

MR# M3 | M2 | M1 | Mo | OPM | OP10 ‘ oP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 ‘ OP0
. Write Latency
MRO 0 0 0 0 Write Recovery (WR) ™ Read Latency (RLmrs) (WLmrs)
MR1 0 0 0 1 0 CABI | WDBI | RDBI 0 Cal Upd 0 0 D'ata. Driver Strength
Termination
EDC | CADT EDC OCD Pullup OCD Pulldown Driver Off-
MR2 0 0 1 0 HR SRF RDQS mode Self Refresh Driver Offset set
CA DQ and WCK
MR3 0 0 1 1 Bank Groups 0 0 Info Termination Offset Termination Offset
CRC Read
WR RD CRC Write Latency
MR4 0 1 0 0 |EDCInv Latency EDC Hold Pattern
CRC | CRC CRCWL
(CRCRL) ( )
MR5 0 1 0 1 0 0 0 o‘o o‘o‘o 0‘LP3|LP2‘0
MR6 0 1 1 0 Pin Sub-Address VREFD Level
Half | HALF DQ Auto LF Hiber-
MR7 0 ! 1 ! 0 0 0 0 VREFD|VREFC| PreA | Sync | Mode 0 nate 0
CK WR RL CK EDC CA CAH CAL
MR8 1 0 0 0 Termination EHF EHF REFpb AC Hi-Z TO Termination Termination
MR9 1 0 0 1 Pin Sub-Address RFU Decision Feedback Equalization
(DFE)
WCK WCK2 | WCKInv/QS | WCKInv/QS
MR10 1 0 1 0 Termination 0 CK Byte 1 Byte 0 VREFC Offsets
MR11 1 0 1 1 PASR Row Segment Mask PASR 2-Bank Mask
P2BR | VDDQ
MR12 1 1 0 0 RFU PRBS Addr | OFF
MR13 1 1 0 1 Reserved for Vendor Specific Features
MR14 1 1 1 0 Reserved for Vendor Specific Features
MR15 1 1 1 1 CADT MRE
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6.1 Mode Register 0 (MRO)

Mode Register 0 controls operating modes such as Write Latency, Read Latency, Write Recovery and Test Mode as shown in Table 27. The register is
programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 0000.
[Table 27] Mode Register 0 (MRO0) Definition

M3 | M2 | M1 | MO |OP11 | OP10 | OP9 | OP8 | OP7 | OP6 ‘ OP5 | OP4 | OP3 | OP2 | OP1 | OPO

Write Latency
(WLmrs)

0 0 0 0 Write Recovery (WR) ™ Read Latency (RLmrs)

Function Operand Data Notes

000: 8
001: RFU
010: RFU
011: RFU
100: RFU
101:5
110: 6
1M11:7

00000: RFU
00001: RFU
00010: RFU
00011: RFU
00100: 9
00101: 10
00110: 11
00111: 12
01000: 13
01001: 14
01010: 15 1
01011: 16
01100: 17
01101: 18
01110: 19
01111: 20
10000: 21
10001: 22
--Thru .
11110: 35
11111: 36

0: Normal
1: Test Mode

00000: 4
00001:
00010:
00011:
00100:
00101:
00110: 10
00111: 11
01000: 12
01001: 13
01010: 14 1
01011: 15
01100: 16
01101: 17
01110: 18
01111: 19
10000: 20
10001: 21
--Thru .

11110: 34
11111: 35

Write Latency (WLmrs) OP[2:0]

MRS OP[8],

Read Latency (RLmrs) MR 0 OP[6:3]

TM (Test Mode) OP[7]

© oo N o,

MR8 OP[9],

Write Recovery (WR) OP[11:8]

NOTE :
1) Please note that the MSB is located in Mode Register 8 (MR8) (see text).
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6.1.1 Write Latency (WLmrs)

The Write latency (WLmrs) is the delay in clock cycles used in the calculation of the total Write latency (WL) between the registration of a WRITE or
WRTR command and the availability of the first piece of input data. DRAM vendor specifications should be checked for value(s) of WLmrs supported. As
the Write latency is set to higher values (i.e., ... 5, 6, 7, 8 clocks) the input receivers turn on when the WRITE or WRTR command is registered. The full
Write latency definition can be found in the section entitied OPERATION.

6.1.2 Read Latency (RLmrs)

The Read latency (RLmrs) is the delay in clock cycles used in the calculation of the total Read latency (RL) between the registration of a READ or RDTR
command and the availability of the first piece of output data.

RLmrs is specified by bits MRO OP[6:3] and MR8 OP8, defining a RLmrs range of 9 to 31 tck. Please note that the MSB is located in MR8; a Read latency
change therefore may require two MRS commands. The full Read latency definition can be found in the section entitled OPERATION.

6.1.3 Write Recovery (WR)

The programmed WR value is used to delay the internal auto-precharge until after the tWR timing has been met. The WR register bits are not a required
function and may be implemented at the discretion of the DRAM manufacturer.

WR must be programmed with a value greater than or equal to RU{t,yr/tck}, where RU stands for round up, tyR is the analog value from the vendor
datasheet and tcy is the operating clock cycle time.

WR is specified by MRO OP[11:8] and MR8 OP9, defining a WR range of 4 to 31 tck. Please note that the MSB is located in MR8; a WR change therefore
may require two MRS commands.

6.1.4 Test Mode

The normal operating mode is selected by issuing a MODE REGISTER SET command with bit OP7 set to’0’, and bits OP[6:0] and OP[11:8] set to the
desired values. Programming bit OP7 to ‘1’ places the device into a test mode that is only to be used by the DRAM manufacturer. No functional operation
is specified with test mode enabled.
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6.2 Mode Register 1 (MR1)

Mode Register 1 controls functions like driver strength, data termination, Read DBI, Write DBI, CABI, control of calibration updates, PLL/DLL and PLL/
DLL Range as shown in Table 28.

The register is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 0001. OP[3:0], OP6 and OP10 of this register are initialized
with '0’s.
[Table 28] Mode Register 1 (MR1) Definition

M3 M2 M1 MO | OP11 (OP10| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
Cal Data

0 0 0 1 0 CABI | WDBI | RDBI 0 Upd 0 0 Termination Driver Strength
Function Operand Data Notes
00: Auto Calibration On (60/40)
. . 01: Auto Calibration On (48/40)
Driver Strength OP[1:0] 10: RFU
11: RFU
00: Disabled
S . 01: 60 ohm
Data Termination OPJ[3:2] 10: 120 ohm
11: 48 ohm
I 0: On
Calibration Update OP[6] 1: Off
0: On
Read DBI OP[8] 1: Off
0: On
WDBI OPI[9] 1: Off
0: On
CABI OPI[10] 1: Off

6.2.1 Impedance Auto Calibration of Output Buffer and Active Terminator

GDDR6 SGRAMs offer auto calibrating impedance output buffers and on-die terminations. This enables a user to match the driver impedance and
terminations to the system within a given range. To adjust the impedance, an external precision resistor is connected between the ZQ and Vgg. A nominal

resistor value of 120 Ohms is equivalent to the 40 Ohms Pull-down and 60 or 48 Ohms Pull-up nominal impedances of devices. RESET_n is not internally
terminated.

The output driver and on-die termination impedances are updated during all REFab commands to compensate for variations in supply voltage and
temperature. The impedance updates are transparent to the system.

6.2.2 Driver Strength

OP[1:0] define the driver strength. The Auto Calibration setting enables the Auto Calibration functionality for the Pull-down, Pull-up and Termination over
process, temperature and voltage changes.

6.2.3 Data Termination

OP[3:2] define the data termination value for the DQs and DBI_n. Data termination is disabled by default; it can be set to a value of 48 Ohm, 60 Ohm, or
120 Ohm depending on system conditions. Data termination may also be turned off.

6.2.4 Calibration Update

The Calibration Update setting enables the calibration value to be updated automatically by the Auto Calibration engine. The function is enabled upon
power-up to reduce update induced jitter. The user may decide to suppress updates from the auto calibration engine by disabling Calibration Update
(OP6=1).

The calibration updates can occur with any REFab command. The update is not complete for a time txg after the latching of the REFab command. During
this txo time, only NOP commands may be issued.

Calibration updates for the CK ODT can be disabled separately by the CK AC bit in MR8 OP6.

6.2.5 RDBI and WDBI

Bit OP8 controls Data Bus Inversion (DBI) for READs (RDBI), and bit OP9 controls Data Bus Inversion for WRITEs (WDBI). For more details on DBI see
READ and WRITE Data Bus Inversion (DBI) in the section entitled OPERATION.
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6.2.6 CABI

Command Address Bus Inversion (CABI) is selected independently from DBI using bit OP10. When enabled any data sent over the CA bus (whether
opcode, addresses, LDFF data or DM) is inverted or not inverted based on the state of CABI_n signal. With a change to the CABI register it is required to
wait tyop instead of ty,gp with CABI_n held HIGH after an MRS command that changes the CABI and any subsequent MRS command. For more details

on CABI see Command Address Bus Inversion (CABI) in the section entitled ADDRESS.
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6.3 Mode Register 2 (MR2)

Mode Register 2 defines the output driver (OCD) offsets, EDC mode, EDC Hold Rate, Self Refresh, RDQS mode and CADT SRF functions as shown in
Table 29. Bit OP10 of this register is initialized with '0'".

Mode Register 2 is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 0010.

[Table 29] Mode Register 2 (MR2) Definition

M3 M2

M1

MO

OP11

OP10 | OP9

OP8

OP7 | OP6

OP5 | OP4 | OP3

OP2 | OP1 | OPO

0 0

1

0

EDC
HR

CADT
SRF

RDQS

EDC
mode

Self Refresh

OCD Pullup
Driver Offset

OCD Pulldown Driver
Offset

Function

Operand

Data

Notes

OCD Pulldown Driver Offset

OP[2:0]

000:
001:
010:
011:
100:
101:
110:
11:

0
+1
+2
+3
-4
-3
-2

-1

OCD Pullup Driver Offset

OP[5:3]

000:
001:
010:
011:

110:
11:

100:
101:

0
+1
+2
+3
-4
-3
-2

-1

Self Refresh

OP[7:6]

00: 32ms
01: RFU
10: RFU
11: temperature controlled

EDC mode

OPI8]

0: Full data rate
: Half data rate

RDQS mode

OPI[9]

: Off
On

CADT SRF

OP[10]

Off
On

EDC Hold Rate (EDC HR)

OP[11]

- - - -

: Full data rate
: Half data rate

6.3.1 CADT SRF

OP10 enables Self Refresh when CA Training mode is entered. A detailed description of the CA Training while in Self Refresh can be found in the section

entitled TRAINING.

6.3.2 RDQS Mode

OP9 enables the RDQS mode of the device. In this mode the EDC outputs will act as a READ strobe (RDQS). No CRC is supported in RDQS mode, and
all related bits in MR4 will be ignored. A detailed description of the RDQS mode can be found in the section entited OPERATION.

6.3.3 EDC mode

EDC mode selects between Full data rate and Half data rate EDC modes. See EDC section for more details.

6.3.4 Self Refresh

The refresh interval in Self Refresh mode may be set to 32ms, or being controlled by an integrated temperature sensor. DRAM vendors may support
additional settings related to other temperatures.
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6.3.5 EDC Hold Rate

EDC Hold Rate selects between Full data rate and Half data rate for the EDC hold pattern provided the hold pattern is programmed to 1010 or 0101.
Programming the hold pattern to 0011, 0110, 1100 or 1001 effectively results in a half or quarter data rate hold pattern depending on the EDC HR setting.
EDC Hold Rate is set independently of the EDC mode.

If the optional PRBS feature is implemented with support for both a full and half data rate bit stream, then EDC HR selects which mode is enabled. If only
half data rate PRBS is supported, then EDC HR is not required to affect the output when the optional PRBS feature is supported by a device and enabled
in MR12 OP2. Consult vendor datasheet for EDC Hold Rate capability.

6.3.6 Impedance Offsets (MR2 OP[5:0] & MR3 OP[5:0])

The driver and termination impedances may be offset individually for PD driver, PU driver, DQ/DBI_n/WCK termination and CA termination. The offset
impedance step values may be non-linear and will vary across DRAM vendors and across PVT. With negative offset steps the drive strengths will be
decreased and Ron will be increased. With positive offset steps the drive strengths will be increased and Ron will be decreased. With negative offset
steps the termination value will be increased. With positive offset steps the termination value will be decreased.

IV curves and AC timings are only guaranteed with zero offset.

Offset
PU Driver Pullup
Autocalibrated Impedance
2Q Calibration Impedance
120 Engine . Offset
o PD Driver Pulldown
Impedance
V;S vendor specific Auto/Fixed
nominal (60/40) K
vendor specific Termination

Fixed Impedance Imﬁedance

@ Offset

Note: sum of offset + auto- CA Termination
calibrated impedance cannot
exceed maximum/ minimum

available impedance steps

CA
Termination
Impedance

Offset

DQ/DBI/WCK Termination DPQ/DB/WCK

Termination
Impedance

Figure 29. Impedance Offsets
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6.4 Mode Register 3 (MR3)

Mode Register 3 controls functions including Bank Groups, WR Scaling, DRAM Info, Termination offsets for CA as well as Data and WCK as shown in
Table 30.

Mode Register 3 is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 0011.
[Table 30] Mode Register 3 (MR3) Definition

M3 | M2 | M1 Mo 0P11|0P10 OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO

CA Data and WCK
Termination Offset Termination Offset

0 0 1 1 Bank Groups 0 0 DRAM Info

Function Operand Data Notes

000: 0

001: +1
010: +2
011: +3
100: -4
101: -3
110: -2
1M11: 1

000: 0
001: +1
010: +2
011: +3
100: -4
101: -3
110: -2
11: 1

00: off

01: Vendor ID (ID1)

10: Temperature Readout
11: Vendor ID (ID2)

0x: off / tCCDL = 2 tCK
Bank Groups OP[11:10] 10: on / tCCDL = 4 tCK
11: on /tCCDL = 3 tCK

Data and WCK Termination Offset OPJ[2:0]

CA Termination Offset OPI[5:3]

DRAM Info OP[7:6]

6.4.1 DRAM Info

OP[7:6] enable the DRAM Info mode which is provided to output the Vendor ID or Temperature Readout.

The Vendor ID identifies the manufacturer of the device, and provides the die revision, memory density and other information about the device. See the
Vendor ID section for more details.

6.4.2 Bank Groups

OP11 enables the bank groups feature, and OP10 specifies the min column-to-column command delay (tccpL ). With OP11 set to ‘1°, back-to-back
column accesses within a bank group have to be spaced by 3 or 4 clocks as defined by bit OP10. With OP11 set to ‘0’, the bank groups feature is disabled
and tCCDL equals tCCDS'

The DRAM vendor’s datasheet specifies the operating frequency limit below which the user may run the device without activating the bank groups feature
(fekse)-
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6.5 Mode Register 4 (MR4)

Mode Register 4 defines the Error Detection Code (EDC) features shown in Table 31.

The register is programmed via the MODE REGISTER SET (MRS) command with M[3:0]= 0100. OP[3:0] (EDC Hold Pattern) of this register are initialized
with "1111".

[Table 31] Mode Register 4 (MR4) Definition
M3 | M2 | M1 | MO |OP11|OP10| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | oP2 | OP1 | OPO
Eoc | WR RD CRC Read

0 1 0 0 Latency
| CRC | CRC
n (CRCRL)

CRC Write Latency

(CRCWL) EDC Hold Pattern

Function Operand Data Notes

0000: Pattern
--Thru .
1111: Pattern

EDC Hold Pattern OPJ[3:0]
Burst Pos 3, Burst Pos 2, Burst Pos 1, Burst Pos 0

d
N

000: 15
001: 16
010: 17
011: 10
100: 11
101: 12
110: 13
111: 14

00: 4
01: 1
10: 2
1:3

0: On

1: Off

0: On

1: Off

0: EDC hold pattern not inverted
1: EDC hold pattern inverted

CRC Write Latency (CRCWL) OP[6:4]

CRC Read Latency (CRCRL) OP[8:7]

RD CRC OP[9]

WR CRC OP[10]

EDC Invert OP[11]

6.5.1 EDC Hold pattern / EDC Invert

The 4-bit EDC hold pattern is considered a background pattern transmitted on the EDC signals. The register is initialized with all '1’s. The pattern is
shifted from right to left and repeated with every 4 U.I. The output timing is the same as of a READ burst.

CRC bursts calculated from WRITEs or READs will replace the EDC hold pattern for the duration of those bursts, provided CRC is enabled for those
bursts.

The EDC hold pattern will be replaced by a pseudo random bit stream when the optional PRBS feature is supported by a device and enabled in MR12
OoP2.

The EDC hold pattern will be undefined for ty,op with the following MRS commands.
* MR4 that changes bits OP[3:0] or OP[11:9]
* MR1 that changes bits OP[1:0]
* MR6 that changes TX EQ codes
* MR12 OP2 to disable the optional PRBS feature

The EDC hold pattern will not be transmitted when the device is in CA training mode, in WCK2CK training mode, in Self Refresh mode, in reset state, in
power-down state with the LP2 bit set, or EDC Hi-Z.

With OP11 set to ‘1’, EDC1 will transmit the inverted EDC hold pattern, resulting in a pseudo-differential pattern. OP11 is ignored for READ, WRITE and
RDTR CRC bursts and the clock phase information in WCK2CK training mode.

6.5.2 Read CRC and CRC Read Latency (CRCRL)

Bit OP9 controls the CRC calculation for READ bursts, and bits OP[8:7] hold the CRC read latency. When enabled, the calculated CRC pattern will be
transmitted on the EDC signals with the latency as programmed in the CRCRL field of this register. With Read CRC being off, no CRC will be calculated
for READ bursts, and the EDC hold pattern will be transmitted instead.
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6.5.3 Write CRC and CRC Write Latency (CRCWL)

Bit OP10 controls the CRC calculation for WRITE bursts, and bits OP[6:4] hold the CRC write latency. When enabled, the calculated CRC pattern will be
transmitted on the EDC signals with the latency as programmed in the CRCWL field of this register. With Write CRC being off, no CRC will be calculated

for WRITE bursts, and the EDC hold pattern will be transmitted instead.
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6.6 Mode Register 5 (MR5)

Mode Register 5 defines low power modes as shown in Table 32.

The register is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 0101.

[Table 32] Mode Register 5 (MR5) Definition

M3 M2 M1 MO | OP11 |OP10| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
0 1 0 1 0 0 0 0 0 0 0 0 0 LP3 | LP2 0
Function Operand Data Notes
0: Off
LP2 OP[1] 1:On
0: Off
LP3 OP[2] 1:On

6.6.1 Low Power Modes (LP2, LP3)

OP[2:0] control several low power modes of the device. The modes are independent of each other. LP2 is optional feature.

When OP1 (LP2) is set, the WCK receivers may be turned off during power-down.
When OP2 (LP3) is set, RDTR, WRTR and LDFF commands as well as reading the device temperature are not allowed while a REFab command is being

executed.
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6.7 Mode Register 6 (MR6) & Mode Register 9 (MR9)

Mode Register 6 and Mode Register 9 control data input receiver properties like VREFD level and DFE as shown in Table 33 and Table 34. MR6 also
controls the data output driver equalization (TX EQ). Both registers use a 5-bit wide sub-address to allow programming of VREFD level and DFE values

individually for each data input pin.

Mode Register 6 is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 0110. Mode Register 9 is programmed via the MODE

REGISTER SET (MRS) command with M[3:0] = 1001.

[Table 33] Mode Register 6 (MR6) Definition

M3 | M2 | M1 MO | OP11 |0P1o| OP9 | OP8 | OP7

OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO

0 1 1 0 Pin Sub-Address

VREFD Level

Function Operand

Data

Notes

VREFD Level OPJ[6:0] See VREFD Level Table

00000: DQO
00001: DQ1
--Thru .
00110: DQ6
00111: DQ7
01000: DBIO_n
01001: RFU

01011: RFU
--Thru .
01110: RFU
01111: Byte O
10000: DQ8
10001: DQ9
--Thru .
10110: DQ14
10111: DQ15
11000: DBI1_n
11001: RFU

Pin Sub-Address OP[11:7]

11011: RFU
--Thru .
11110: RFU
11111: Byte 1

01010: TX EQ Byte 0 (See Note1)

11010: TX EQ Byte 1 (See Note1)

NOTE :
1) OP[11:7] 01010: TX EQ Byte 0

OP6 | OP5 | OP4 | oP3 | OP2 | OP1 | OPO | TXEQ

RFU
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[Table 34] Mode Register 9 (MR9) Definition
M3 | M2 | M1 | MO |OPM |0P1o| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OP0

Decision Feedback Equaliza-
tion (DFE)

1 0 0 1 Pin Sub-Address RFU

Function Operand Data Notes

0000: Off

0001: +/- 0.5% VvVDDQ, +/-7TmV
0010: +/- 1.0% VDDQ, +/-14mV
--Thru .

1110: +/- 0.7% VDDQ, +/-98mV
1111: +/- 7.5% VDDQ, +/-105mV

00000: DQO
00001: DQ1
--Thru.
00110: DQ6
00111: DQ7
01000: DBIO_n
01001: RFU
01010: RFU
01011: RFU
--Thru .
01110: RFU
01111: Byte 0
10000: DQ8
10001: DQ9
--Thru.
10110: DQ14
10111: DQ15
11000: DBI1_n
11001: RFU
11010: RFU
11011: RFU
--Thru .
11110: RFU
11111: Byte 1

Decision Feedback Equalization

(DFE) OP[3:0]

Pin Sub-Address OP[11:7]

NOTE :
1) Voltages for DFE are approximated values.
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6.7.1 VREFD Level

The reference voltage for the DQ and DBI_n inputs (Vrerp) is generated internally, and separate Vrgg circuits are associated with each data input pin.

The VREFD level is linear with a total range of 96 steps and a nominal step size of 1/200 x Vppq (or 0.5%) in a range from 0.490 x Vppq to 0.965 x Vppq
as illustrated in Table 35 and Figure 31. The mid point of 0.725 x Vppq has been set to match the ideal vertical data eye center with nominal 48 Ohms

pull-up and 40 Ohms pull-down driver strength (see MR1). With nominal 60 Ohms pull-up and 40 Ohms pull-down driver strength the ideal vertical data
eye center will be at 0.7 x Vppq, only 35mV lower. Both mid point settings are highlighted in Table 35.

The VREFD level must be set by programming bits OP[6:0] in MR6 individually for each pin; the associated pin sub-address bits in OP[11:7] select the
pin. The sub-address field also provides encodings to program the same VREFD level for a byte (byte 0 or byte 1). MRS commands to program the
VREFD level can be issued in random order. No valid VREFD level is defined for decimal steps 96 to 127 (OP[6:5] = 11).

The VRgpp settling time tyrerp is a constant value for the device, and is referenced from the MRS command to when the 90% level of the delta between
old and new VRrgpp Voltage has been reached as illustrated in Figure 32.

Half VREFD mode enables the Vggpp level to be adjusted when the DQ and DBI_n inputs operate without termination. When bit OP7 in MR7 is set to ‘1’,
a level of nominally 0.5 x Vppq is generated. The maximum operating frequency for this mode is defined by fokyrerp2- Disabling Half VREFD mode
restores the programmed VREFD level and DFE values. A Half VREFD mode reference voltage change requires tyrgrpo to settle.

DQ, DBL_n X *D S

Programmable Half
o VREFD
0.5 x Vppo

(MR7 OP?7)
e ?
N\

Figure 30. VREFD Options

[Table 35] VREFD Level

VREFD Level Code VREFD Level
MR6 OP[6:0] Decimal % Vppa Divider Vrerp [V1
1011111 95 0.965 193/200 1.303
1011110 94 0.960 192 /200 1.296
1011101 93 0.955 191 /200 1.289
0110000 48 0.730 146 / 200 0.986
0101111 47 0.725 145/200 0.979
0101110 46 0.720 144 / 200 0.972
0101101 45 0.715 143 /200 0.965
0101100 44 0.710 142 /200 0.959
0101011 43 0.705 141 /200 0.952
0101010 42 0.700 140/ 200 0.945
0101001 41 0.695 139/200 0.938
0000010 2 0.500 100 /200 0.675
0000001 1 0.495 99/200 0.668
0000000 0 0490 98 /200 0.662

50 SAMSUNG



Rev. 1.3

K4Z80325BC GDDR6 SGRAM

48/40 Ohms 60/40 Ohms
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200 199 194 1.30V. 5 1.30V 5
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o 2 (3 = (3
i 0.98V. >E = 0.945V »E o
192 | & H | e
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Figure 31. VREFD Circuit and Range

VRerD
Voltage
8 1.1x dVrerD
————————— Vrerp_new
dVrerp [V] : 0.9x dVrerD
|
|
|
Vrerp_old | :
I tvREFD I
—»f
Time

Figure 32. VREFD and DFE Settling Time

6.7.2 Decision Feedback Equalization (DFE)

The input data eye may be closed at the DRAM balls due to Inter System Interference (ISI) on the channel. GDDR6 provides means for improving (or
opening up) the data eye at the receiver by the use of a 1-tap Decision Feedback Equalization (DFE).

DFE must be set by programming bits OP[3:0] in MR9 individually for each pin; the associated pin sub-address bits in OP[11:7] select the pin. The sub-
address field also provides encodings to program the same DFE value for a byte (byte 0 or byte 1). MRS commands to program DFE can be issued in
random order.

The DFE settings shall be equivalent to a positive and negative shift of the programmed VREFD level in steps of approximately +/-0.5% x Vppq or +/-7TmV
as shown in Table 34. The programmed VREFD level plus DFE voltage cannot be outside the range of the VREFD level supported in MR6 OP[6:0]. The
actual DFE implementation is vendor specific. The Vgggp settling time tyrerp must be satisfied for any DFE changes to settle.

6.7.3 Transmit Equalizer (TX EQ)

The transmit equalizer function allows to program each data byte’s output drivers to better match the system channel characteristics. The actual TX EQ
implementation is vendor specific.

TX EQ uses opcodes in MR6 not used otherwise for programming VREFD as shown in Table 33. The TX EQ option is selected by bits MR6 OP[1:0], and
programmed for byte 0 with OP[11:7] = 01010 and for byte 1 with OP[11:7] = 11010.
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6.8 Mode Register 7 (MR7)

Mode Register 7 controls features like Hibernate Self Refresh, Low Frequency mode, Auto Synchronization, DQ Preamble, Half VREFD and Half
VREFCas shown in Table 36. The register is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 0111. OP6 of this register is
initialized with '0’.

[Table 36] Mode Register 7 (MR7) Definition

M3 M2 M1 MO | OP11 (OP10| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
Half | Half .
0 1 1 1 0 0 0 0 |VREF|VREF| PQ | Auto} LF 1, jHiber-|
D c PreA | Sync | Mode nate
Function Operand Data Notes
Hibernate Self Refresh OP[1] 0 Off
1: On
0: High Frequency (over 2GHz)
Low Frequency Mode OP[3] 1: Low Frequency (under 2GHz)
s 0: Off
WCK2CK Auto Synchronization OP[4] 1:On
0: Off
DQ Preamble OP[5] 1:On
0: 0.7*VDDQ / default
Half VREFC OPI6] 1: 0.5*vDDQ
0: Programmed VREFD level and DFE value
Half VREFD OPI7] 1: 0.5*vDDQ

6.8.1 Hibernate Self Refresh

With OP1 set to ‘1’, the device enters Hibernate Self Refresh mode with the next SELF REFRESH ENTRY command. The bit is self-clearing.

6.8.2 Low Frequency Mode

When Low Frequency Mode is enabled by OP3, the power consumption of input receivers and clock trees is reduced. The maximum operating frequency
for this low frequency mode is given in the vendor's datasheet.

6.8.3 WCK2CK Auto Synchronization

This GDDR6 SGRAMs supports a WCK2CK automatic synchronization mode that reduces the WCK2CK training to issuing two WCK2CK MRS for
WCK2CK training entry and exit. This mode is controlled by OP4. For a detailed description see WCK2CK Auto Synchronization in the section entitled
WCK2CK Training.

6.8.4 DQ Preamble

When enabled by OP5, non-gapless READ bursts will be preceded by a fixed DQ preamble on the DQ and DBI_n signals of 8 U.I. duration. The
programmed READ latency does not change when the DQ Preamble is enabled. The pattern is not encoded with RDBI, however, if RDBI is disabled, the
DBI_n signals will not toggle and drive a HIGH.

6.8.5 Half VREFC and Half VREFD

See Mode Register 6 (MR6) & Mode Register 9 (MR9) for details on VREF features.

61- SAMSUNG



Rev. 1.3

K4Z80325BC GDDR6 SGRAM

6.9 Mode Register 8 (MR8)

Mode Register 8 defines Clock Termination Override, CAL and CAH Termination, EDC Hi-Z, CK Auto Calibration, REFpb, CK Termination and
extensions to Read latency (RLmrs) and Write Recovery (WR) as shown in Table 37. The register is programmed via the MODE REGISTER SET (MRS)
command with M[3:0] = 1000. OP4 of this register is initialized with '0’s.

[Table 37] Mode Register 8 (MR8) Definition
M3 M2 M1 MO 0P11|0P10 OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO

CK WR RL CK EDC CAH CAL
! 0 0 0 Termination EHF | EHF REFpb AC Hi-Z CATO Termination Termination

Function Operand Data Notes

o
o

: Disabled
: 60 ohm

: 120 ohm
: Reserved

o
-

CAL Termination OP[1:0]

-
- O

[=
o

: Disabled
: 60 ohm

: 120 ohm
: 240 ohm

o
-

CAH Termination OPJ[3:2]

-
- o

o

: Off

CATO (CA Termination Overried) OP[4] - On

Off

EDC Hi-Z OP[3] on

: CK auto-calibration update during REFab disabled

CK Auto Calibration (CK AC) OPI6] : CK auto-calibration update during REFab enabled

REFpb

REFpb OPI[7] - REFp2b

RLmrs normal range (9 to 20 tck)
: RLmrs extended range (21 to 31 tck)

RLEHF (Read Latency
Extra High Frequency)

Aol a0l a0~

OP[8]

o

: WR normal range (4 to 19 tck)
1: WR extended range (20 to 31 tck)

WREHF (WRITE Recovery

Extra High Frequency) OP[e]

00: Value at RESET
01: 60 ohm

10: 120 ohm

11: Disabled

CK Termination OP[11:10]

6.9.1 READ Latency Extra High Frequency (RLEHF)

OP8 extends the RLmrs (READ Latency) field in MRO from 4 bits to 5 bits. See Mode Register 0 for more details.

6.9.2 WRITE Recovery Extra High Frequency (WREHF)

OP9 extends the WR (WRITE Recovery) field in MRO from 4 bits to 5 bits. See Mode Register 0 for more details.

6.9.3 EDC Hi-Z

With bit OP2 set to ‘1’, the EDC signals are in Hi-Z state. The EDC Hi-Z function takes precedence over all other features that define the EDC signal’s
data pattern.

6.9.4 CK Auto Calibration (CK AC)

With bit OP6 set to ‘0, the update of the CK impedances by the calibration engine during REFab is disabled resulting in only the other impedances
updated. With OP6 set to ‘1’, the CK impedances are updated by the calibration engine during a REFab. If the calibration updates are off (MR1 OP6=1) or
the CK Termination is disabled upon reset or by an MRS command that sets MR8 OP[11:10]=11, then this bit is ignored.

6.9.5 REFpb

OP7 selects between Per-bank (REFpb) and Per-2-bank (REFp2b) Refresh when CA4 (falling edge of CK) = LOW is set in a REFRESH command. See
REFRESH and PER-BANK / PER-2-BANK REFRESH section for more details.
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6.9.6 CK Termination

OP[11:10] allows a change to the termination value of CK_t and CK_c that was determined at device initialization. After any change to OP[11:10] from the
default value of 00, the device operation cannot be guaranteed unless defined otherwise. If the feature is not supported by a device, the programming of
the register will be ignored and the CK ODT value set during device initialization will remain valid as long as the device is powered or a subsequent chip
reset.

The default setting ('00’) selects the CK termination as determined by latching CA[5:4] on the rising edge of RESET_n. The CK termination can also be
set to a value of 60 Ohm which is intended for a single loaded system, or 120 Ohm which is intended for double loaded configurations with two devices
sharing a common CK. The values are the combined termination impedances from both channels as seen by the host. CK termination may also be turned
off, for example, if external CK termination is used.

It is required to program the same CK termination value in both channels. In case the associated MRS commands are not issued at the same CK cycle to
both channels, the ODT value as seen by the host cannot be guaranteed until a time ty,gp has been met after the second MRS command. To allow a
termination change to be completed, it is required to wait t\yop instead of tygp after an MRS command that changes the CK termination and any
subsequent MRS command.

6.9.7 CA Termination Override (CA TO), CAH and CAL Termination

OP4 allows the CA Termination set during the power-up initialization sequence to be changed using CAH and CAL Termination.

OP[3:2] define the termination for the higher CA inputs, specifically CA[9:4], CABI_n and CKE_n. Values of 60 ohm, 120 ohm and 240 ohm are
supported. The termination may also be disabled for the higher CA inputs.

OP[1:0] define the termination for the lower CA inputs, specifically CA[3:0]. Values of 60 ohm and 120 ohm are supported. The termination may also be
disabled for the lower CA inputs.

The use of the CA Termination Override, CAH and CAL Termination allow the CA Termination to be set individually for one, two or four loads on a
common CA bus, depending on whether the DRAM is in two channel operation or PC mode, or x8 or x16 mode as well as other factors.

If CA Termination Override is set to ‘0’ any change to the CAH and CAL Termination registers will be ignored. To allow a termination change to be
completed, it is required to wait tyyop instead of tygp after an MRS command that changes the CA termination and any subsequent MRS command.
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6.10 Mode Register 10 (MR10)

Mode Register 10 controls the VREFC Offset, WCK Termination, WCK2CK and WCK Inv / Quad Shift functions as shown in Table 38. Mode Register 10
is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 1010. OP[11:10] and OP[3:0] of this register is initialized with '0’s.

[Table 38] Mode Register 10 (MR10) Definition

M3

M2

M1

MO

OP11 | OP10

OP9 | OP8 | OP7 | OP6

OP5 | OP4

OP3 | OP2 | OP1 | OPO

WCK
Termination

WCK Inv /
0 Wgrz Quad Shift
Byte 1

WCK Inv /
Quad Shift
Byte 0

VREFC Offset

Function

Operand

Data

Notes

VREFC Offset

OP[3:0]

0000: 0 / default
0001: +1
0010: +2
0011: +3
0100: +4
0101: +5
0110: +6
0111: +7
1000: 0
1001: -7
1010: -6
1011: -5
1100: -4
1101: -3
1110: -2
1111: -1

WCK Inversion / Quad Shift Byte 0

OP[5:4]

00: invert off / Shift 0 degrees
01: invert off / Shift 90 degrees
10: invert on / Shift 180 degrees
11: invert on / Shift 270 degrees

WCK Inversion / Quad Shift Byte 1

OP[7:6]

00: invert off / Shift 0 degrees
01: invert off / Shift 90 degrees
10: invert on / Shift 180 degrees
11: invert on / Shift 270 degrees

WCK2CK

OP[8]

0: Off
1: On

WCK Termination

OP[11:10]

00: Disabled
01: 60 ohm

10: 120 ohm
11: Reserved
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6.10.1 WCK Inversion /Quad Shift

OP[7:4] control whether the internal phase of the WCK clock inputs after internal quarter data rate WCK shall be inverted, corresponding to a 2 U.l. phase
shift for devices that use this method. Otherwise the bits control whether the internal phase of the WCK clock inputs after internal eighth data rate WCK
shall be shifted for devices that use this method. The bits are used in conjunction with WCK2CK training mode.

6.10.2 WCK2CK Training

OP8 (WCK2CK) enables and disables the WCK2CK alignment training. For details on this training sequence, see the section on TRAINING.

6.10.3 WCK Termination

OP[11:10] define the (single ended) termination value for the on-die termination (ODT) for WCK.

The termination is disabled by default and can be set to a value of 60 Ohm or 120 Ohm depending on the system conditions. The WCK termination may
also be turned off.

6.10.4 Input Reference Voltage for CA and CABI_n Pins and VREFC Offset

The reference voltage for the CA bus (VREFC) can be supplied via the external VREFC pin or be generated internally as illustrated in Figure 33. The
selection is made with the rising edge of RESET_n: the device selects internal VREFC with a default level of 0.7 x Vppq when the VREFC pin is pulled

LOW in the system; otherwise external VREFC is selected. GDDR6 also provides the capability to offset the internal VREFC by use of the VREFC offset
bits OP[3:0]. The offset step values may be non-linear and will vary across DRAM vendors and across PVT.

Half VREFC mode enables the VREFC level to be adjusted when the CA bus operates without termination. When bit OP6 in MR7 is set to ‘1’, a level of
nominally 0.5 x Vppq is generated. The maximum operating frequency for this mode is defined by fokyrerco- A Half Vrgrc mode reference voltage
change requires tyrerco to settle. The programmable VREFC offset is not available in Half VREFC mode.

CA[9:0], -
CABI_n X DY
[ VREFC Offsets
0.7 x Vpbpo Half
@ N o VREFC
I—O (MR7 OP6)
0.5 x Vbpo
&
_ 0
VREFC X O | VREFC
0: Vrerc= Vss 11 Source
1: Vrerc> 0.3 x Vbpo
> D Q
RESET nX

Figure 33. VREFC Options
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6.11 Mode Register 11 (MR11)

Mode Register 11 controls operating modes such as PASR Row Segment Mask and PASR 2-Bank Mask as shown in Table 39. The register is
programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 1011.

[Table 39] Mode Register 11 (MR11) Definition
M3 | M2 | M1 MO | OP11 |0P1o| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
1 0 1 1 PASR Row Segment Mask PASR 2-Bank Mask

Function Operand Data Notes

XXXXXXX1: Bank 0 and 1
XXXXXX1X: Bank 2 and 3
XXXXX1XX: Bank 4 and 5
XXXX1XXX: Bank 6 and 7

PASR 2-Bank Mask OP[7:0] XXX1XXXX: Bank 8 and 9
XXIXXXXX: Bank 10 and 11
X1XXXXXX: Bank 12 and 13
TXXXXXXX: Bank 14 and 15
PASR Row Segment Mask OP[8:11] See below Table 40

[Table 40] PASR Row Segment Mask

s | em |G ST PASR Row 8Gb 12Gb 16Gb 24Gb 32Gb
Segment Mask R[13:12] R[13:12] R[13:12] TBD TBD
X X X 1 Segment 0 00
X X 1 X Segment 1 01
X 1 X X Segment 2 10
1 X X X Segment 3 11
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6.12 Mode Register 12 (MR12)

Mode Register 12 controls operating modes such as VDDQ off, PRBS, P2BR Address and also has register fields that are reserved for future features.
The register is programmed via the MRS command with M[3:0] = 1100.

[Table 41] Mode Register 12 (MR12) Definition

M3 | M2 | M1 | MO |OPM1 |0P1o| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
AR ores 22K V200
Function Operand Data Notes

VDDQ OFF OP[0] (1’ Efi’lfg

I e

PRBS oP[2] 0: Disabled / optional

1: Enabled / optional

6.12.1 VDDQ OFF

OPO enables and disables the optional Hibernate Self Refresh with VDDQ Off feature. The VDDQ Off bit must be set on both channels before entering
Hibernate Self Refresh. For details on the sequence, see the Hibernate Self Refresh section.

6.12.2 P2BR Address

OP1 selects between LSB bank address, BAQ, as “Don’t Care” for REFp2b and MSB bank address, BA3, as “Don’t Care” for REFp2b. P2BR Address is
an optional register as MSB is an optional feature with only LSB “Don’t Care” required to be supported. In the case the device only supports LSB “Don’t
Care” the programming of this register will be ignored. Support for MSB and the P2BR Address register is determined using the Vendor ID (ID2). For
details see the PER-BANK REFRESH (REFpb) and PER-2-BANK REFRESH (REFp2b) Commands section.

6.12.3 PRBS

OP2 controls the optional PRBS feature. When supported by a device and enabled, the EDC hold pattern will be replaced by a pseudo random bit stream.
The actual pattern length, polynomial and seed value are vendor specific. Consult vendor datasheet for PRBS characteristics.

When the feature is enabled, the pseudo random bit stream is driven after tMOD. The bit stream may be different any time the feature is enabled.
Depending on the DRAM vendor’s implementation, register bits MR4 OP[11,3:0] are allowed to influence the PRBS, resulting in different bit streams for
each EDC pin. In other implementations these register bits are ignored when PRBS is enabled. The vendor’s datasheet should be consulted for details.
The EDC HR bit (MR2 OP11) bit selects between a full and half data rate bit stream if the device supports both options. Support for optional PRBS feature
is determined using the Vendor ID (ID2).
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6.13 Mode Register 13 (MR13)

MR13 is reserved for vendor specific features. The register is programmed via the MRS command with M[3:0] = 1101.

[Table 42] Mode Register 13 (MR13) Definition
M3 | M2 | M1 | MO | OPM |0P1o| OP9 | OP8 | OP7 ‘ OP6 ‘ OP5 | OP4 | OP3 | OP2 | OP1 | OP0

1 1 0 1 Reserved for Vendor Specific Features

6.14 Mode Register 14 (MR14)

MR14 is reserved for vendor specific features. MR14 is programmed via the MRS command with M[3:0] = 1110.
[Table 43] Mode Register 14 (MR14) Definition

M3 | M2 | M1 MO | OP11 |0P10| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO

1 1 1 0 Reserved for Vendor Specific Features
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6.15 Mode Register 15 (MR15)

Mode Register 15 controls CA training mode (CADT) and access to Mode Registers 0 to 14 (MRE) as shown in Table 44.
The register is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 1111.

Mode Register 15 is a special register that latches data on both edges but only evaluates the rising edge of CK. Therefore nothing is evaluated by the
device on the falling edge of CK as shown in Table 44. Increased CA setup and hold times are assumed to ensure the MRS command to this register is
successful while CA training (CADT) has not taken place and the integrity of the DDR CA may not be guaranteed.

[Table 44] Mode Register 15 (MR15) Definition
M3 | M2 | M1 MO | OP11 |0P1o| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
1 1 1 1 CADT MREB | MREA

Function Operand Data Notes
0: MRS not blocked

MRS to MR0O-MR14 Channel A OPIO0] 1- MRS blocked
MRS to MRO-MR14 Channel B OP[1] ‘1’f mgg Egci'ggked
00: Off
Command Address Training OP[3:2] 01: Train CA[9:0] Rising edge of CK using CAT
(CADT) ’ 10: Train CA[9:0] Falling edge of CK using CAT

11: Train CABI_n and CA10 using CAT

6.15.1 Command Address Training (CADT)

Command Address training mode is controlled by OP[3:2]. See Command Address Training section for details.

6.15.2 Mode Register 0-14 Enable (MRE)

MRE function allows for the individual configuration of two devices sharing a common CA bus. The function utilizes the fact that in such a configuration
the CA inputs of channel A of the first device are shared with the CA inputs of channel B of the second device. The default is to issue MRS to both
devices. OPO is evaluated by channel A only and ignored by channel B. With OP0 = 1 any MRS command to registers MRO to MR14 is blocked as shown
in Figure 34. OP1 is evaluated by channel B only and ignored by channel A. With OP1 = 1 any MRS command to registers MRO to MR 14 is blocked as
shown in Figure 34.

CHA+CHB CHA CHB
Mode Registers Accessible Mode Registers Accessible Mode Registers Accessible
(MR15 OP[1:0] = 00) (MR15 OP[1:0] = 10) (MR15 OP[1:0] = 01)
CHA CHB CHA CHB CHA CHB
MRO MRO MRO MRO
to to to to
MR14 MR14 MR14 MR14
MR15 MR15 MR15 [MR15| [MR15] MR15

Figure 34. Mode Register Enable
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7. OPERATION

7.1 Commands

[Table 45] Truth Table - Commands

CKE_n
FUNCTION SYMBOL g'ﬁfl'; Previous|Current| CA10 | CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 | CA0 | NOTES
cycle cycle
(n-1) (n)
R v H H v v v v vV vV v v
NO OPERATION (NOP) (1) NOP L L 1,10
F vV H H v v v vV vV vV v v
R v H H v v v v v v v v
NO OPERATION (NOP) (2) NOP L L 1,10
F v H L v v v vV vV vV v v
R vV H L v v v vV vV vV v v
NO OPERATION (NOP) (3) NOP L L 1,10
F v H H v v v v v v v v
R v H L M3 M2 M1 MO oP3 | oP2 | oP1 | oPO
MODE REGISTER SET MRS L L 1,2,3
F vV H L OP11 | OP10 | OP9 | OP8 | OP7 | OP6 | OP5 | OP4
v
R L |Vv(R14)| BA3 | BA2 | BAt BAO R3 R2 R1 RO
ACTIVATE ) ACT L L (R15) ®R14) 1,2,4
(Select bank & activate row)
F v R13 | R12 | R11 R10 R9 R8 R7 R6 R5 R4
READ “D0 R . . vV H H BA3 | BA2 | BA1 BAO c3 c2 c1 P
(Select bank, column & start burst) F V] L H L L Vv L CE (o) Cc5 C4 e
] R v H H BA3 | BA2 | BA1 BAO c3 c2 c1 Co
READ with Autoprecharge RDA L L 1,2,5,6
F vV L H L L v H CE C6 C5 ca
R vV H H B3 B2 B1 BO D3 D2 D1 DO
Load FIFO LDFF L L 1,2,8
F v L H H L D9 D8 D7 D6 D5 D4
R vV H H v v v vV vV vV v v
READ Training RDTR L L 1,2,6
F vV L H H H v L CE vV v v
WRITE without Mask (Select bank, | v R L L \ H H BA3 | BA2 | BA1 | BAO C3 C2 C1 0 11556
column, & start burst) F v L L L L Vv L CE c6 c5 C4 e
; ; R vV H H BA3 | BA2 | BA1 BAO c3 c2 c1 Co
XVI?ITE Wf:thom Mask with WOMA L L 1,2,5,6
utoprecharge F v L L L L Vv H CE C6 C5 c4
Cycle 1R vV H H BA3 | BA2 | BAI1 BAO c3 c2 c1 Co
WRITE with double-byte mask WDM F L L \ L L H L v L CE C6 C5 C4 1256
(WDM) Cycle 2R vV H H BST7 | BST6 | BST5 | BST4 | BST3 | BST2 | BST1 | BSTO |
F vV H H | BST15 | BST14 | BST13 | BST12 | BST11 | BST10 | BST9 | BST8
Cycle 1R vV H H BA3 | BA2 | BA1 BAO c3 c2 c1 Co
WRITE with double-byte mask with | \yonia F L L \ L L H L v H CE C6 C5 C 11256
Autoprecharge Cycle 2R vV H H BST7 | BST6 | BST5 | BST4 | BST3 | BST2 | BST1 | BSTO | =
F vV H H | BST15 | BST14 | BST13 | BST12 | BST11 | BST10 | BST9 | BST8
Cycle 1R v H H BA3 | BA2 | BA1 BAO c3 c2 c1 Co
F vV L L L H v L CE C6 c5 ca
ByteO | ByteO | Byte O | Byte O | Byte O | Byte 0 | Byte 0 | Byte 0
Cycle 2R v H H BST7 | BST6 | BST5 | BST4 | BST3 | BST2 | BST1 | BSTO
WRITE with single-byte mask WSM F L L v H H Byte 0 | Byte O | ByteO | Byte O | Byte O | Byte 0 | ByteO | Byte O | 4 5 5 ¢
BST15 | BST14 | BST13 | BST12 | BST11 | BST10 | BST9 | BST8
Byte 1 | Byte1 | Byte1 | Byte 1 | Byte1 | Byte1 | Byte 1 | Byte 1
Cycle 3R v H H | BsT7 | BST6 | BST5 | BST4 | BST3 | BST2 | BST1 | BSTO
F v H H Byte1 | Byte1 | Byte1 | Byte1 | Byte1 | Byte1 | Byte 1 | Byte 1
BST15 | BST14 | BST13 | BST12 | BST11 | BST10 | BST9 | BST8
Cycle 1R vV H BA3 | BA2 | BA1 BAO c3 c2 c1 Co
F vV L L L H v H CE C6 c5 ca
Byte 0 | ByteO | ByteO | Byte O | Byte O | ByteO | Byte O | Byte O
Cycle 2R v H H | BsT7 | BST6 | BST5 | BST4 | BST3 | BST2 | BST1 | BSTO
WRITE with single-byte mask with |\ spa L L ByteO | ByteO | ByteO | ByteO | ByteO | ByteO | ByteO | ByteO | 1 2 5 ¢
Autoprecharge F v H H | BsT15 | BST14 | BST13 | BST12 | BST11 | BST10 | BSTO | BSTS | "~
Byte1 | Byte1 | Byte1 | Byte1 | Byte1 | Byte1 | Byte 1 | Byte 1
Cycle 3R v H H BST7 | BST6 | BST5 | BST4 | BST3 | BST2 | BST1 | BSTO
F v H H Byte1 | Byte1 | Byte1 | Byte1 | Byte1 | Byte1 | Byte 1 | Byte 1
BST15 | BST14 | BST13 | BST12 | BST11 | BST10 | BST9 | BST8
_ R vV H H v v v v vV vV v v
WRITE Training WRTR L L 1,2,6
F v L L H H v L CE v v v
PRECHARGE (per bank) PREOD R L L v H L BA3 | BA2 | BA1 BAO vV vV v v 120
(Deactivate row in a bank) P F V] L L Vi V2 V2 L V] V] Vi Vi v
PRECHARGE (all banks) R \ H L v v v \ \ \ v v
(Deactivate row in all banks) PREab F L L Vv L L Vi Vi Vi H Vv Vv Vv Vv 1,2
PER-BANK / PER-2 BANK REFpb / R L L v H L BA3 | BA2 | BA1 | BAO v v v V 14279
REFRESH REFp2b F v L H v v v L v v v v e
R v H L v v v v vV vV v v
REFRESH (all banks) REFab L L 1,2,7
F vV L H v v v H vV vV v v
R v H H v v v v v v v v
POWER DOWN ENTRY PDE L H 1,2
F v H H v v v vV vV vV v v
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[Table 45] Truth Table - Commands

CKE_n
FUNCTION SYMBOL ‘é'ﬁfl'; Previous| Current| CA10 | CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | cA2 | CA1 | cAo | NOTES
cycle cycle
(n-1) (n)
R % H H Vv v v % % % Vv Vv
POWER DOWN EXIT PDX H L 1,2
F % H H v v v % % % v v
R % H L v Vv Vv % % % v v
SELF REFRESH ENTRY SRE L H 1,2,7
F % L H v v v % % % v v
R % H H v Vv Vv % % % v v
SELF REFRESH EXIT SRX H L 1,2
F % H H v Vv Vv % % % v v
COMMAND ADDRESS TRAINING | a1 R L H v v v v v v v v v v v 12
CAPTURE :
F % % % v Vv Vv % % % v v
NOTE :

1) H = Logic HIGH Level; L = Logic LOW Level; V = Valid, signal may be H or L, but not floating; R, F = Rising, Falling CK clock edge

2) Values shown for CA[10:0] are logical values; the physical values are inverted when Command/Address Bus Inversion (CABI) is enabled and CABI_n=L.

3) M[3:0] provide the Mode Register address (MRA), OP[11:0] the opcode to be loaded.

4) BA[3:0] provide the bank address, R[(14), 13:0] provide the row address.

5) BA[3:0] provide the bank address, C[6:0] provide the column address; no sub-word addressing within a burst of 16. BST[15:0] provide the write data mask for each burst
position with WDM(A) and WSM(A) commands.

6) CE (Channel Enable) is intended for PC mode. The command is active when CE = H.  When CE =L the array access is suppressed. In two channel mode CE shall be driven
HIGH.

7) The command is Refresh (all banks) or Per-Bank / Per-2-Bank Refresh when CKE_n(n) = L and Self Refresh Entry when CKE_n(n) = H. The second bit of CA4 selects
between Refresh (all banks) and Per-Bank / Per-2-Bank Refresh.

8) B[3:0] select the burst position, and D[9:0] provide the data.

9) BA[3:0] provide the bank address.

10) All three encodings perform the same NOP. NOP (2) and NOP (3) encodings are only allowed during CA Training.

11) CA10 is only present in 24 Gb and 32 Gb densities.
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7.2 Command, Address And Write Data Input Timings

Figure 35 and Figure 36 illustrate the timings associated with the Command and Address input as well as Data input.

CK_c
CK_t

CKE_n

CA

[ Don't Care

Figure 35. CA and CKE_n Address Input Timings
NOTE :
1) The scope of tCKEPW is limited to CAT commands in Command Address Training.

|
Lo, toivw o DV

DQ/DBI_n | : [ : [
(1 Pin) XXXX w XXXX ‘ XXXX

Figure 36. Data Input Timings

7.3 No Operation (NOP)

The NO OPERATION (NOP) command is used to instruct the device to perform a NOP. This prevents unwanted commands from being registered during
idle or wait states. Operations already in progress are not affected. GDDR®6 defines three encodings for the NOP command, and all three encodings
perform the same NOP. NOP (2) and NOP (3) encodings are only allowed during CA Training.
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7.4 Mode Register Set

The MODE REGISTER SET command is used to load the Mode Registers of the device. M[3:0] select the Mode Register, and OP[11:0] determine the
opcode to be loaded. See MODE REGISTER for a register definition.

The MODE REGISTER SET (MRS) command can only be issued when all banks are idle and no bursts are in progress. The MRS command cycle time,
tMRD is required to complete the write operation to the Mode Register and is the minimum time required between two MRS commands. For the CK
Termination, CA Termination and CABI registers, ty;op is required after changing the register and a subsequent MRS command. The MRS command to
non-MRS command delay, tyiop, is required by the device to update the features, and is the minimum time required from an MRS command to a non-
MRS command excluding NOP.

The value of tyrp is less than or equal to tyop, and the vendor’s datasheet should be consulted for details. The use of the two timing parameter ty;grp and
tmop allows the controller to schedule a series of MRS commands more efficiently than with a single timing parameter. However, the same timing is
achieved when only parameter ty,op is taken into account.

MODE REGISTER SET

CKc _— -~ o~ —
CK_t N~ - —

CKE_.n [ ow | |

|

o T/ !
==

CA[7:4] m_@
c) @—@

M =Mode Register
OP = Opcode

Figure 37. MRS Command

[ ] ponTcarE

CA GOP PR@@OFSDC :X: :EEI@@Q :X:/\ :>

Old Setting X Updating Setting X New Setting

A.C. = any command allowed in bank idle state

Figure 38. Mode Register Set Timings
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7.5 Row Activation

Before any READ or WRITE commands can be issued to a bank in the device, a row in that bank must be “opened”. This is accomplished by the
ACTIVATE command (see Figure 39): BA[3:0] select the bank, and R[13:0], R[14:0] or R[15:0] select the row to be activated. Once a row is open, a
READ or WRITE command could be issued to that row, subject to the tgcp specification.

A subsequent ACTIVATE command to another row in the same bank can only be issued after the previous row has been closed (precharged). The
minimum time interval between two successive ACTIVATE commands on the same bank is defined by tgc. A minimum time, tgas, must have elapsed

between opening and closing a row.

A subsequent ACTIVATE command to another bank can be issued while the first bank is being accessed, which results in a reduction of total row-access
overhead. The minimum time interval between two successive ACTIVATE commands on different banks to different bank groups is defined by trrps.
With bank groups enabled, the minimum time interval between two successive ACTIVATE commands to different banks in the same bank group is
defined by trgrpy. In all other cases the interval is defined by tgrrps. Figure 40 shows the tgcp and tgrp definition.

The row remains active until a PRECHARGE command (or READ or WRITE command with Auto Precharge) is issued to the bank.

ACTIVATE

CK?c_\| |/____

CK_t ~ — —

o rom | |
can XX XX
ca9 [ X®)
cas G} X®X

CA[7:4] @_E

BA = Bank Address
R = Row Address
V = Valid (H or L, but not floating)

[ ] poNTcARE

Figure 39. ACTIVATE Command

trep = tReprD: tReDWR: tRCDRTR: tRCDWTR OF tRepLTR, depending on command

Figure 40. Bank Activation Command Cycle
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7.6 Bank Restrictions

There may be a need to limit the number of activates in a rolling window to ensure that the instantaneous current supplying capability of the devices is not
exceeded. To reflect the short term capability of the device current supply, the parameter tgay (four activate window) is defined. No more than 4 banks
may be activated in a rolling tray Window. Converting to clocks is done by dividing teaw (nS) by tck (ns) and rounding up to next integer value. As an
example of the rolling window, if (tranw/tck) rounds up to 10 clocks, and an ACTIVATE command is issued at clock N, no more than three further

ACTIVATE commands may be issued at clocks N+1 through N+9 as illustrated in Figure 41.

It is preferable that GDDR6 SGRAMSs have no rolling activation window restrictions (traw = 4 * trrp)-

CK_ ¢

——— —_——

|

I\

\/
ACT

\/
ACT

N SERERERN DaEnaanenn

\

i)

|

RRD

rl‘

tRRD |

RRD

CA< AlT X AT X AT X >< X AT
N\ N\ N\ ) N\
tRRD tRRD tRRD
B tFAW
tF AW+ 3*tRRD

trrD = tRrDOL O tRrDs depending on Bank Groups on/off setting and accessed banks

Figure 41. tRRD and tFAW
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7.7 WRITE (WOM)

WRITE bursts are initiated with a WRITE command as shown in Figure 42. The bank and column addresses are provided with the WRITE command and
auto precharge is either enabled or disabled for that access with the AP bit (CA4 input falling edge of CK). If auto precharge is enabled, the row being
accessed is precharged after tyyg(min) has been met or after the number of clock cycles programmed in the WR field of MRO, depending on the
implementation choice per DRAM vendor. The length of the burst initiated with a WRITE command is sixteen and the column address is unique for this
burst of sixteen. There is no interruption nor truncation of WRITE bursts. No write data is received, the array write access is suppressed, and the EDC
hold pattern is driven instead of a CRC burst when the CE bit is LOW. In two channel mode CE shall be driven HIGH.

WRITE

CK?C_\l |/__

CK_t ~ — — S

CKE.n [ow | |

CA9 ; ; \ /

CA8
v DX
o TDEXTT

s XX XY
cat X XD

DIS AP
v
WRITE

CA3

NO WRITE
1

AP = Auto Precharge

C = Column Address D DON'T CARE
BA =Bank Address

V =Valid (H or L, but not floating)
EN AP = Enable Auto Precharge; DIS AP = Disable Auto Precharge
CE = Channel Enable

Figure 42. WRITE Command

WRITE timings are shown with DDR WCK ratio in Figure 43. During WRITE bursts, the first valid data-in element must be available at the input latch after
the Write Latency (WL). The Write Latency is defined as WLmrs * toi + twekackpin * twekeck + twekeparn Where WLmrs is the number of clock cycles
programed in MRO, tywckackpin iS the phase offset between WCK and CK at the balls when phase aligned at phase detector, tyckaock is the alignment
error between WCK and CK at the phase detector, and tyckopq) is the WCK to DQ/DBI_n offset as measured at the DRAM balls to ensure concurrent
arrival at the latch. The total delay is relative to the data eye center averaged over one byte. The maximum skew within a byte is defined by tpqpq)-

The data input valid window, tpyy, defines the time region when input data must be valid for reliable data capture at the receiver for any one worst-case

channel. It accounts for jitter between data and clock at the latching point introduced in the path between the DRAM pads and the latching point. Any
additional jitter introduced into the source signals (i.e., within the system before the DRAM pad) must be accounted for in the final timing budget together
with the chosen PLL/DLL mode and bandwidth. to,y is for DRAM design only and valid on the silicon die. It is not intended to be measured. tpyy is

defined for the PLL/DLL off and on mode separately. In the case of PLL on, tp\,y must be specified for each supported bandwidth. In general toy is
smaller than tp|pyy.

The data input pulse width, tp,pyy, defines the minimum positive or negative input pulse width for any one worst-case channel required for proper
propagation of an external signal to the receiver. tppyy is for DRAM design only and valid on the silicon die. It is not intended to be measured. tppyy is
independent of the PLL/DLL mode. In general tp)pyy is larger than tpy-

Upon completion of a burst, assuming no other WRITE data is expected on the bus the DQ and DBI_n signals will be driven according to the ODT state.
Any additional input data will be ignored. Data for any WRITE burst may not be truncated with a subsequent WRITE command.

Data from any WRITE burst may be concatenated with data from a subsequent WRITE command. A continuous flow of data can be maintained. The first
data element from the new burst follows the last element of a completed burst. The new WRITE command should be issued after the previous WRITE
command according to the tccp timing. If that WRITE command is to another bank then an ACTIVATE command must precede the WRITE command

and trcpwr also must be met.

A READ can be issued any time after a WRITE command as long as the internal turn around time t\y 1R is met. If that READ command is to another bank,
then an ACTIVATE command must precede the READ command and tgcprp also must be met.
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A PRECHARGE can also be issued after tyyg has been met. After the PRECHARGE command, a subsequent command to the same bank cannot be

issued until tgp is met.

The data inversion flag is received on DBI_n. If DBI_n is LOW the data is stored after inversion and not inverted if DBI_n is HIGH. WRITE Data Inversion

can be enabled (OP9 = 0) or disabled (OP9 = 1) using WDBI in MR1.

When enabled by the WRCRC flag in MR4, EDC data are returned to the controller with a latency of (WLmrs + CRCWL) * tck + twekackpin * twekeck +
twckepqo, Where CRCWL is the CRC Write latency programmed in MR4 and tyckopqo is the WCK to DQ/DBI_n/EDC phase offset at the DRAM balls.

GDDRS6 supports both a Full data rate and Half data rate EDC as described in the EDC section.

Case 1: Negative twck2pol [

|
<« twekepor

DQ{EELTS Wm );(XDZ J[D3 [ p4 [ D5 | D6 J[ D7 [ D8 || D9 X)(DwXXDuXXDuXXDwXXDMw

- 4 tpgpoi(min)

DQ(Q?SEIE;) Wm l[D2 D3 [[D4 [ D5 | D6 | D7 [ D8 J D9 XXDlOXXDllXXDlZXXDBXXDMMX

-“ « lDQDQI(maX)

DQ/DBI_n
(last bit)

Case 2: Positive tywckapgr

<> twckepaor

DQ/I(DHI?;;E) m D1 J{D2 [ D3 [{D4 [ Ds | D6 J{ D7 [ D8 [[D9 X)(DmXXDuXXDlz)Q(DBXXDMw

‘ - 4 tpopqi(min)
DQ/DBI_n

(first bit)

e tpQpqi(max)

X)mo(m J{D2 J[ 3 J{D4 [ D5 [ Ds [{ D7 [ D8 J{Do D10} D11XXD12)Q{D13)(XD14X)M:

DQ(la/DSItB{)_iS Wm J{p2 J{ D3 J{D4 [ D5 J[ D6 | D7 |[ D8 J{ Do XXDlOXXDllXXDlZXXDlSXXDMM

Figure 43. WRITE Lane Timings

NOTE :
1) WLmrs is the WRITE latency programmed in Mode Register MRO.
2) Timings are shown with positive tyyckockpin @nd twekock Values. See WCK2CK timings for tyckockpin @nd twekock ranges.

[J Don't Care

3) twckepar Parameter values could be negative or positive numbers, depending on PLL-on or PLL-off mode operation and design implementation. They also vary across PVT.

Data training is required to determine the actual tyyckopq) value for stable WRITE operation.
4) tpapq defines the minimum to maximum variation of tyckapgq Within a single byte or double byte.
5)Data Read timings are used for CRC return timing from WRITE commands with CRC enabled.
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CK c -
CK_t

|
CA WRITE n X O]
/\ \ /\
| | | | |
| WL =WLmrs =6 |
T f T

e« HHUHUMHMMHWUMMMMHMHMWMB

)
( | | | | | | |
)

DQ v L!)l w lDHHHS w
n

o Uﬂluwuul”\ o
1 Il Il 1 Il Il {( 1 Il 1 | Il 1 1 |
DBLn [ [ [ [ [ ) Em'n' "Dgl nqlg [ l I I l [ I
| | | | | | | | | | \ | | | | | | |

EDC EDC Hold Pattern ? 2

)T

Figure 44. Single WRITE without EDC (WCK DDR mode)
NOTE :
1) WLmrs = 6 is shown as an example. Actual supported values will be found in the MR and AC timings sections.
2) WCK and CK are shown aligned (tyckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

3) For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.
4) An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpywr must be met.

5) twekapal twekpao = 0 is shown for illustration purposes.

WCK_t
WCK_c

DBLn

1 \' EDC Hold
. (P(bn+7 Pattern

EDC EDC Hold Pattern

Figure 45. Single WRITE with EDC (Full data rate)
NOTE :
1) WLmrs = 7 and CRCWL = 14 is shown as an example. Actual supported values will be found in the MR and AC timings sections.
2) WCK and CK are shown aligned (tyckockpin=0. twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

3) For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.
4) An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpywr must be met.

5) twekapal twekpao = 0 is shown for illustration purposes.
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T2
CK c -
CK_t
CA WRITEn X O X
|
| WL=WLmrs=7 |
| | |
WCK_t
Wekc HHMMHH
DQ i i i i i
| | | | |
e N B
o ,
EDC EDC Hold Pattern z} ? Y/ EDC o
| | | | | | \ | | \ | | \ | | | \ |
| | | | | | \ | | \ | | ! | | | \ |
Figure 46. Single WRITE with EDC (Half data rate)
NOTE :

1) WLmrs = 7 and CRCWL = 14 is shown as an example. Actual supported values will be found in the MR and AC timings sections.
2) WCK and CK are shown aligned (tyckockpin=0. twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

3) For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.
4) An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpywr must be met.

5) twekapal twekpao = 0 is shown for illustration purposes.

CK_c
CK_t

CA

WCK_t
WCK _c
DQ

DBLn

NOTE :

-

T3

T4 « T7 T7n T8 T8n T9 ( T14 Tl4n Ti15 T15n  Ti6

(( (
™\ VA /_))_\ M\ Y /7) Y Y Y /o
M< A\ v,
(

\ [ \)3 /S
WRITE m NOP
3<__/\_l)<,_/\

WL =WLmrs=7

111

ueIeD

((

)

7

Figure 47. Non-Gapless WRITEs

1) WLmrs = 7 and tgcpwr = 3 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

2) WCK and CK are shown aligned (tyyckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
3) EDC may be on or off. See figure entitled “Single WRITE with EDC” for EDC Timing.

4) For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.
5) An ACTIVATE (ACT) command is required to be issued before the WRITE commands, and tgcpwr must be met.

6) twckapal = 0 is shown for illustration purposes.
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ca X )\|X=,\|X,fﬁn‘X|)(|XX|X|X|X‘X|X|X‘X|X|>
WL=V\|/Lmrs=‘2 | WL =WLmrs =2 | | | | ‘ | | ‘ | |
| ! | ! | | | | | \ | | \ | |

R IR ER N At It tA R IR I IR IR R L AR LR R T LRI LI LA LD A AR A AR ACNCATARIE N

DBILn Yy ry ‘ ‘ : BB
- EEf ) oeim . pBimes KB K X KK KK Do DBincis K R K X
I I I

Figure 48. Gapless WRITEs

NOTE :

1) WLmrs = 2 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

2) WCK and CK are shown aligned (tyckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
3) EDC may be on or off. See figure entitled “Single WRITE with EDC” for EDC Timing.

4) tcep = tceps wWhen bank groups is disabled or the second WRITE is to a different bank group, otherwise tccp=tccpl-

5) For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.

6) An ACTIVATE (ACT) command is required to be issued before the WRITE commands, and trcpywr must be met.

7) twekzpar = 0 is shown for illustration purposes.

T7 T7n T8 T8n T9 Ta0 Ta20 Ta20n Ta2l T2In Ta22

ca M) %G YR
.k T T T
wek o s e R N
ot RYELEEECIRELLLRERsae R IRNRARTANE CRELRRLLLLLLLLLITORUCIE)
P ] ‘ ’_'_ﬁ | TR I

Figure 49. WRITE to READ

NOTE :

1) WLmrs = 7 and RLmrs = 20 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

2) WCK and CK are shown aligned (tyckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
3) EDC may be on or off. See figure entitled “Single WRITE with EDC” for EDC Timing.

4) twtr = twtrL When bank groups is enabled and both WRITE and READ access banks in the same bank group, otherwise tytr=twTRs-

5) For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.

6) An ACTIVATE (ACT) command is required to be issued before the READ and WRITE commands, and trcprp OF tRepwr. respectively, must be met.

7) twekzpal twekpao = 0 is shown for illustration purposes.
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TO T1
CKe = e

CK_t ~
[ I

\ [ \
WRIE Ndp X
ca :>< ya N X ay
|

|
wee e OO

DQ

DBLn

Figure 50. WRITE to PRECHARGE
NOTE :
1) WLmrs = 7 is shown as an example. Actual supported values will be found in the MR and AC timings sections.
2) WCK and CK are shown aligned (tyckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
3) EDC may be on or off. See figure entitled “Single WRITE with EDC” for EDC Timing.
4) For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.
5) An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpwr must be met.
6) twekapar = 0 is shown for illustration purposes.
7) If auto precharge is enabled with the WRITE command, the precharge is initiated at the earliest possible time an explicit PRECHARGE would be allowed.
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7.8 Write Data Mask (DM)

The traditional method of using a DM input for WRITE data mask must be abandoned for a new method. Due to the high data rate, bit errors are expected
on the interface and are not recoverable when they occur on the traditional DM input.

In GDDR6 the DM is sent to the SGRAM over the CA bus following the bank/column address cycle associated with the command, during the NOP
commands between the WRITE command and the next command. The DM is used to mask the corresponding data according to the following table.

[Table 46] DM State

FUNCTION DM Value DQ
Write Enable 0 Valid
Write Inhibit 1 X

Two additional WRITE commands that augment the traditional WRITE Without Mask (WOM) are required for proper DM support. The WOM command
should be consulted for general WRITE operation and Table 71 should be consulted for timing differences between the 2 additional WRITE commands.
The two additional WRITE commands may need an internal Read-Modify-Write if they follow another WRITE command to the same bank. See the
detailed description and timing differences in Section 7.9 and Table 71. The commands for proper DM support are:

+ WDM: WRITE-With-Double byte-Mask:

2 cycle command where the 1st cycle carries command and address information and the 2nd cycle carries data mask information (2 byte granularity);

WDM

CK_t
CKE_n

1—
Q
=

I I

CA10

el
SRe;

iRk

CA9

CA8

CA7

CA6

CA5

EN AP

CA4

DIS AP
WRITE

CA3

CA[2:0]

S1ETLEBLE
2131131

AP = Auto Precharge

C = Column Address ~ CE = Channel Enable l:’ DON'T CARE
BA = Bank Address

DM = Data Mask

V = Valid (H or L, but not floating)

EN AP = Enable Auto Precharge; DIS AP = Disable Auto Precharge

Figure 51. WRITE-With-Double byte-Mask Command
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[Table 47] WDM Mapping x16 mode

Byte and Burst Position Masked During WDM

2nd Cycle Rising Edge of CK 2nd Cycle Falling Edge of CK

Burst 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
DQoO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DQs8
DQ9
DQ10
DQ11
DQ12
DQ13
DQ14
DQ15

CAO0 | CA1 CA2 | CA3 | CA4 | CA5 | CA6 | CA7 | CAD | CAt CA2 | CA3 | CA4 | CA5 | CA6 | CA7

©OO0—< o0

o

[Table 48] Example WDM x16 mode

Byte and Burst Position Masked During WDM

2nd Cycle Rising Edge of CK 2nd Cycle Falling Edge of CK

Burst 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
DQO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DQ8
DQ9
DQ10
DQ11
DQ12
DQ13
DQ14
DQ15

o o0o0o—<00
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Data out from Example WDM
1st Cycle Data
Burst | 0 1 2 3 4 5 6 7 8’9‘10|11‘12‘13’14‘15
DQO | Data | Data | Data | Data | Data | Data | Data | Data
DQ1 Data | Data | Data | Data | Data | Data | Data | Data
DQ2 Data | Data | Data | Data | Data | Data | Data | Data
DQ3 | Data | Data | Data | Data | Data | Data | Data | Data
DQ4 | Data | Data | Data | Data | Data | Data | Data | Data
DQ5 Data | Data | Data | Data | Data | Data | Data | Data
B DQ6 Data | Data | Data | Data | Data | Data | Data | Data
\i/ DQ7 Data | Data | Data | Data | Data | Data | Data | Data
c Masked
o DQ8 | Data | Data | Data | Data | Data | Data | Data | Data
0 DQ9 | Data | Data | Data | Data | Data | Data | Data | Data
DQ10 | Data | Data | Data | Data | Data | Data | Data | Data
DQ11 | Data | Data | Data | Data | Data | Data | Data | Data
DQ12 | Data | Data | Data | Data | Data | Data | Data | Data
DQ13 | Data | Data | Data | Data | Data | Data | Data | Data
DQ14 | Data | Data | Data | Data | Data | Data | Data | Data
DQ15 | Data | Data | Data | Data | Data | Data | Data | Data

[Table 49] WDM

Mapping x8 mode

Byte and Burst Position Masked During WDM

2nd Cycle Rising Edge of CK

2nd Cycle Falling Edge of CK

Burst

2

3

4

5

6 7 8 9 10 1" 12 13 14 15

DQO

DQ1

DQ2

DQ3

CAO0

DQ4

DQ5

o OO0 —<0m0O

DQ6

DQ7

CA1

CA2

CA3

CA4

CA5

CA6 | CA7 | CAO | CA1 CA2 | CA3 | CA4 | CA5 | CA6 | CA7

DQ8

DQ9

DQ10

DQ11

CAO

DQ12

©OO0—< o0

DQ13

N

DQ14

DQ15

CA1

CA2

CA3

CA4

CA5

CA6 | CA7 | CAO | CA1 CA2 | CA3 | CA4 | CA5 | CA6 | CAY
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[Table 50] Example WDM x8 mode

Byte and Burst Position Masked During WDM
2nd Cycle Rising Edge of CK 2nd Cycle Falling Edge of CK

Burst 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

DQO

DQ1
D
e DQ2
7 [ pa3

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

c DQ4
e

DQ5
0

DQ6

DQ7

DQ8

DQ9
D
e DQ10
\
i DQ11

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

c DQ12
e
] DQ13

DQ14

DQ15

Data out from Example WDM
1st Cycle Data

Burst | 0 1 2 3 4 5 6 7 8‘9‘10|11‘12‘13‘14‘15

DQO Data | Data | Data | Data | Data | Data | Data | Data

DQ1 Data | Data | Data | Data | Data | Data | Data | Data
D
e DQ2 Data | Data | Data | Data | Data | Data | Data | Data
\i/ DQ3 Data | Data | Data | Data | Data | Data | Data | Data

Masked

g DQ4 Data | Data | Data | Data | Data | Data | Data | Data
0 DQ5 Data | Data | Data | Data | Data | Data | Data | Data

DQ6 Data | Data | Data | Data | Data | Data | Data | Data

DQ7 Data | Data | Data | Data | Data | Data | Data | Data

DQ8 Data | Data | Data | Data | Data | Data | Data | Data

DQ9 Data | Data | Data | Data | Data | Data | Data | Data
D
e DQ10 | Data | Data | Data | Data | Data | Data | Data | Data
\i/ DQ11 | Data | Data | Data | Data | Data | Data | Data | Data

Masked

g DQ12 | Data | Data | Data | Data | Data | Data | Data | Data
1 DQ13 | Data | Data | Data | Data | Data | Data | Data | Data

DQ14 | Data | Data | Data | Data | Data | Data | Data | Data

DQ15 | Data | Data | Data | Data | Data | Data | Data | Data
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TO T1 T2 T3 T4 T4n T5 T7n T8 T8n T9 Tlln  Ti12

CK c —
CK_t

CA X
—/

WL =WLmrs =2
I [

WL =WLmrs =2

S B IE IR NEaEDENENENETITITIRIRIRELIRIREIRIRIRRTRIRILIRItIEItItIEICICICI]

|l L l‘l L l
Dm .. Dm+5

DQ

DBLn

T
| k' DBIm .. DBIm+15 }' K ‘DBIn .. DBIn:15
| | I | I |

Figure 52. WDM Timing

NOTE :

1) WLmrs = 2 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

2) WCK and CK are shown aligned (tyckaockpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
3) EDC may be on or off. See figure entitled “Single WRITE with EDC” for EDC Timing.

4) tcep = tceps when bank groups is disabled or the second WRITE is to a different bank group, otherwise tccp=tccp-

5) For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.

6) An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpywr must be met.

7) twekzpar = 0 is shown for illustration purposes.
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+ WSM: WRITE-With-Single byte-Mask:

3 cycle command where the 1st cycle carries command and address information and the 2nd and 3rd cycle carry data mask information (byte granularity);

WSM

o |

o TDEXTTDEXTTDOETCX XX
o 7] | O G C) S () G O G
s 7 i (51X @ @< @C
& &) &) X
—o 5
s XX Yo
>
e XOTTDEN

AP = Auto Precharge

C = Column Address  CE = Channel Enable ‘:‘ DON'T CARE
BA = Bank Address

DM = Data Mask

V = Valid (H or L, but not floating)

EN AP = Enable Auto Precharge; DIS AP = Disable Auto Precharge

Figure 53. WRITE-With-Single byte-Mask Command
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[Table 51] WSM Mapping x16 mode

Byte and Burst Position Masked During WSM
2nd Cycle Rising Edge of CK 2nd Cycle Falling Edge of CK 3rd Cycle Rising Edge of CK 3rd Cycle Falling Edge of CK
Bl:'so 1/2|3|4(5|6|7]|8]|9 (1011|1213 |14 |15 0|12 |(3|4|5|6|7]|8([9|10|11|12|13 (14|15
DQO DQ8
DQ1 DQ9
DQ2 DQ10|
DQ3 DQ11
Q4 CAO|CA1|CA2|CA3|CA4|CA5|CAB|CA7|CAO|CA1|CA2|CA3|CA4{CA5|CAB|CAT bQ12 CAO|CA1|CA2|CA3|CA4[CA5|CAB6|CA7|CAO0|CA1|CA2|CA3|CA4[CA5|CAB|CA7
DQ5 DQ13|
DQ6 DQ14]
DQ7 DQ15

[Table 52] Example WSM x16 mode

Byte and Burst Position Masked During WSM

2nd Cycle Rising Edge of CK 2nd Cycle Falling Edge of CK 3rd Cycle Rising Edge of CK 3rd Cycle Falling Edge of CK
BL;I’S 0|12 |(3|4|5|6|7]|8(|9 (10|11 1213|1415 0(1(2|3|4|5|6|7|8|9]|10|11 (1213|1415
DQO DQ8
DQ1 DQ9
DQ2 DQ10]
DQ3 DQ11
DQ41111111100000000DQ120000000011111111
DQ5 DQ13]
DQ6 DQ14]
DQ7 DQ15]

Data output from Example WSM

1st Cycle Data

Burst0|1|2|3|4|5|6|7891011 1213 [14 [ 15

DQO Data|Data|Data|Data|Data|Data|Data|Data
DQ1 Data|Data|Data|Data|Data|Data|Data|Data
DQ2 Data|Data|Data|Data|Data|Data|Data|Data
DQ3 Data|Data|Data|Data|Data|Data|Data|Data

Masked

DQ4 Data|Data|Data|Data|Data|Data|Data|Data
DQ5 Data|Data|Data|Data|Data|Data|Data|Data
DQ6 Data|Data|Data|Data|Data|Data|Data|Data
DQ7 Data|Data|Data|Data|Data|Data|Data|Data

DQ8 |Data|Data|Data|Data(Data|Data|Data|Datal

DQ9 |Data|Data|Data|Data(Data|Data|Data|Datal

DQ10|Data|Data|Data|Data|Data|Data|Data(Data

DQ11|Data|Data|Data|Data|Data|Data|Data(Data
Masked

DQ12|Data|Data|Data|Data|Data|Data|Data[Data

DQ13|Data|Data|Data|Data|Data|Data|Data(Data

DQ14|Data Data|Data|Data|Data|Data|Data(Data

DQ15|Data Data|Data|Data|Data|Data|Data(Data
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[Table 53] WSM Mapping for x8 mode

o oo0o—-<00

Burst
DQO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7

[Table 5

o0 —<00

-

Burst

Byte and Burst Position Masked During WSM for x8 mode device

2nd Cycle Rising Edge of CK

2nd Cycle Falling Edge of CK

3rd Cycle Rising Edge of CK

3rd Cycle Falling Edge of CK

o[1]2[3[a[s5]e[7|8]of10]11m][12]13]14]15 0|1|2|3|4|5|6|7 3|9|1o|11|12|13|14|15
CA0|CA1|cA2|CA3|CA4|cAas|cas|cA7|cAo|cAat|caz|cas|cAad|cAs|cas|caT
4] WSM Mapping for x8 mode

Byte and Burst Position Masked During WSM for x8 mode device

2nd Cycle Rising Edge of CK

2nd Cycle Falling Edge of CK

3rd Cycle Rising Edge of CK

3rd Cycle Falling Edge of CK

o|1|z|3|4|5|e|7

s|9|1o|11|1z|13|14|15

0 1 2 3| 4 5|6 |7

8 9 |10 (11|12 |13 | 14 | 15

[Table 55] Example WSM

o oo—-<00

o0 —<00

-

DQ8
DQ9
DQ10
DQ11
DQ12
DQ13
DQ14
DQ15

CAO0|CA1|CA2|CA3|CA4|CA5|CA6|CA7

CAO0|CA1|CA2|CA3|CA4|CA5|CA6|CA7

Byte and Burst Position Masked During WSM for x8 mode device

2nd Cycle Rising Edge of CK

2nd Cycle Falling Edge of CK

3rd Cycle Rising Edge of CK

3rd Cycle Falling Edge of CK

Burst{ 0 [ 1 [2[3[a[5]6] 7|89 [10]11m][12]13]14]15 0|1|2|3|4|5|6|7 s|9|1o|11|12|13|14|15
DQO
DQ1
DQ2
DQ3
11|11 |1 |[1]1]|1]o]o|ofofo0o]|0]|o0]oO
DQ4
DQ5
DQ6
DQ7
Byte and Burst Position Masked During WSM for x8 mode device
2nd Cycle Rising Edge of CK 2nd Cycle Falling Edge of CK 3rd Cycle Rising Edge of CK 3rd Cycle Falling Edge of CK
Burst0|1|2|3|4|5|6|7 s|9|1o|11|12|13|14|15 o1 [2[3[]4[]5]6[7]|8[]9[10][11]12]13][14] 15

DQ8
DQ9
DQ10
DQ11
DQ12
DQ13
DQ14
DQ15

-89 -
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Data output from Example WSM x8 mode
1st Cycle Data
Burst [ 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 8 9 10 11 12 13 14 | 15
DQO Data | Data | Data | Data | Data | Data | Data | Data
b DQ1 Data | Data | Data | Data | Data | Data | Data | Data
e DQ2 Data | Data | Data | Data | Data | Data | Data | Data
\i/ DQ3 Data | Data | Data | Data | Data | Data | Data | Data
Masked
g DQ4 Data | Data | Data | Data | Data | Data | Data | Data
0 DQ5 Data | Data | Data | Data | Data | Data | Data | Data
DQ6 Data | Data | Data | Data | Data | Data | Data | Data
DQ7 Data | Data | Data | Data | Data | Data | Data | Data
DQ8 Data | Data | Data | Data | Data | Data | Data | Data
b DQ9 Data | Data | Data | Data | Data | Data | Data | Data
e DQ10 | Data | Data | Data | Data | Data | Data | Data | Data
\i/ DQ11 | Data | Data | Data | Data | Data | Data | Data | Data e
aske
g DQ12 | Data | Data | Data | Data | Data | Data | Data | Data
1 DQ13 | Data | Data | Data | Data | Data | Data | Data | Data
DQ14 | Data | Data | Data | Data | Data | Data | Data | Data
DQ15 | Data | Data | Data | Data | Data | Data | Data | Data
TO T1 T2 W 7 Tm T8 T8 T9 T4 Tl4n TI5 Ti5n TI6
CK_e i - -
CK_t §
[ I [ I I I
e wszc 00 (G0 O G €
WL WLmrs 7 | ‘ | WL WLmrs=7 | |
T I I
WCK_t
WeK HHHHHHHMHHHHHHHHHHHHHHHHHHHHUHHHHH
o | | | \ |
| | | \ |
| | | | |
DBL n ' } ' : }
| | | \ |
I I I [ I

Figure 54. WSM Timing
NOTE :
1) WLmrs = 7 is shown as an example. Actual supported values will be found in the MR and AC timings sections.
2) WCK and CK are shown aligned (tyyckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

3) EDC may be on or off. See figure entitled “Single WRITE with EDC” for EDC Timing.

4) For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.
5) An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpywr must be met.

6) twckapal = 0 is shown for illustration purposes.
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7.9 Masked Write Data Timing Constraints

A Masked Write command, either WSM or WDM, to the same bank cannot be issued until tccppmy later, to allow the device to finish any internal Read-
Modify-Write as shown in Table 71. If an internal Read-Modify-Write is not needed by the device then tccpmw = tccp- The need for an internal Read-

Modify-Write and tccpmw > teep is vendor specific, vendor datasheets should be consulted.

-
[j
|~ d|-

<

( WDM WDM WDM ¢ WDM WOM
a b c 4 c c
|
| tccomw >

tcep tcep tccomw ‘ tccp |
>« >« >'<¢ > < ‘

Figure 55. WDM and WSM Timing with tccpmw

NOTE :
1) WDM is shown as an example. Timing applies to either WDM or WSM commands.

2) a,b and c are different Banks.
3) tcep is either tceoL or teeps-
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7.10 READ

A READ burst is initiated with a READ command as shown in Figure 56. The bank and column addresses are provided with the READ command and
auto precharge is either enabled or disabled for that access with the AP bit (CA4 input falling edge of CK). If auto precharge is enabled, the row being
accessed is precharged at a time tgp after the READ command and after tgpag(min) has been met or after the number of clock cycles programmed in the
RAS field of MR5, depending on the implementation choice per DRAM vendor. The length of the burst initiated with a READ command is sixteen and the
column address is unique for this burst of sixteen. There is no interruption nor truncation of READ bursts. The array read access is suppressed, no read
data and the EDC hold pattern instead of a CRC burst are transmitted when the CE bit is LOW. In two channel mode CE shall be driven HIGH.

READ

CK_c —
- T _\/ﬁ/_
CK_t _/\___/L

CKE.n 1ow

o T/ TN/
7

CA4

CA3

NO READ

CA[2:0]

AP = Auto Precharge  CE = Channel Enable I:I DON'T CARE
C=Column Address BA =Bank Address

V =Valid (H or L, but not floating)
EN AP = Enable Auto Precharge; DIS AP = Disable Auto Precharge

Figure 56. READ Command

READ timings are shown with DDR WCK ratio in Figure 57. During READ bursts, the first valid data-out element will be available after the Read latency
(RL). The Read Latency is defined as RLmrs * tok + twekackpin + twekeck + twekepao, where RLmrs is the number of clock cycles programed in MRO,
twekackpin is the phase offset between WCK and CK at the balls when phase aligned at the phase detector, tyyckock is the alignment error between
WCK and CK at the phase detector, and tyckapqo is the WCK to DQ/DBI_n/EDC offset as measured at the DRAM balls. The total delay is relative to the
data eye initial edge averaged over one byte. The maximum skew within a byte is defined by tpqpqo-

Upon completion of a burst, assuming no other READ command has been initiated, all DQ and DBI_n signals will drive a value of '1' and the ODT will be
enabled at a maximum of 1 tck later. The drive value and termination value may be different due to separately defined calibration offsets. If the ODT is
disabled, the signals will drive Hi-Z.

Data from any READ burst may be concatenated with data from a subsequent READ command. A continuous flow of data can be maintained. The first

data element from the new burst follows the last element of a completed burst. The new READ command should be issued after the previous READ
command according to the tccp timing. If that READ command is to another bank then an ACTIVATE command must precede the READ command and

trcprD also must be met.

A WRITE can be issued any time after a READ command as long as the bus turn around time tgy is met. If that WRITE command is to another bank,
then an ACTIVATE command must precede the second WRITE command and tgcpwr also must be met. A PRECHARGE can also be issued with the
same timing restriction as the new READ command if tgag is met. After the PRECHARGE command, a subsequent command to the same bank cannot
be issued until tgp is met.

The data inversion flag is driven on the DBI_n pin to identify whether the data is true or inverted data. If DBI_n is HIGH, the data is not inverted, and if
LOW it is inverted. Read Data Inversion can be enabled (OP8 = 0) or disabled (OP8 = 1) using RDBI in MR1.

When enabled by the RDCRC flag in MR4 EDC data is returned to the controller with a latency of (RLmrs + CRCRL) * tck + twekackpin + twekeck +
tweke2pqo, Where CRCRL is the CRC Read latency programmed in MR4. GDDRG6 supports both a Full data rate and Half data rate EDC as described in
the EDC section.
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RLmrs < tcH | teL | tex !

CKe- — -
CK_t

DDR WCK_t
Ratio WCK_c

Case 1: Negative tywckopgo |

DQ/DBL n/EDC
(mean)

- [ 4— tpgpo(min)

DQ/DB(If_ir;/sE]iiCt\ Xme D2 J[D3 T4 [ D5 ] D6 J D7 [ D8 J Do MDlONDuMDlzﬂDls&kDm@x
I

DQ/DBI_n/EDC

(last bit)
EDC (Half data rate) D1 D2 D3 | D4 D5 D6 m
aastbit)m [ o [ oo [ oo Tos |
. |
Case 2: Positive twck2poo ¢ |‘tWCK2DQO
DQ/DBI_n/EDC
(mean)

DQ/DBI_n/EDC
(first bit)

DQ/DBI_n/EDC
(last bit)

EDC (Half 3::;;3 m D1 [l b2 J] ps T pa ] ps [ pe w

: [ Don't Care

Figure 57. READ Lane Timing

NOTE :

1) RLmrs is the Read Latency programmed in Mode Register MRO.

2) Timings are shown with positive tyyckockpin @nd twekock values. See WCK2CK timings for tyckockpin @nd twekock ranges.

3) twekzpqo Parameter values could be negative or positive numbers, depending on PLL-on or PLL-off mode operation and design implementation.
They also vary across PVT. Data training is required to determine the actual tyckopqo value for stable READ operation.

4) tpapqo defines the minimum to maximum variation of tyckapqo Within a byte or double byte.

5) tbapqo also applies for CRC data from WRITE and READ commands with CRC enabled and the EDC hold pattern.

6) EDC is shown with Full data rate EDC. Half data rate EDC (last bit) is shown separately for comparison.

03 SAMSUNG



Rev. 1.3

K4Z80325BC GDDR6 SGRAM

T22

CK_c¢
CK_t

CA

RL =RLmrs =20 | | |

| | | |
e ]
S L NN LN NI RIRE NN IR EIENEOEIRIRIERRTRIRLERITIOCIN)]
| | |
| | |

(¢

| ] | | | | |
o | o | e '
| | | L | |
DBLn LA R ]
‘ | ‘ | | ‘ DBIn .. DBIn+15 |
ODT ODT Enabled 2? ><‘ ODT Disabled X ODT Enabled
)
| | | \ | | | | | | | | | \ | | | |
EDC EDC Hold Pattern ?g
)

7
| | | | | | | | | | | |

Figure 58. Single READ without EDC (WCK DDR mode)
NOTE :
1) RLmrs = 20 is shown as an example. Actual supported values will be found in the MR and AC timings sections.
2) WCK and CK are shown aligned (tyyckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
3) An ACTIVATE (ACT) command is required to be issued before the READ command, and tgcprp must be met.
4) twekapqo = 0 is shown for illustration purposes.

T20n  T21 T22n  T23 T24 T24n  T25 T25n  T26 T27

I I I [ I I
Figure 59. Single READ with EDC (Full data rate)

o1
gm0 —t |
N N ENE I RN aRR R R R R R R R R L ARNE NN ARACAEICIRARAENCIRILARACILAL]
b0 T R e T
R N (R N Y I B
DBIn IR} A L L L L L
Ty Y T N A (N NN N SN B
o

((
EDC EDC Hold Pattern ({

|

|

NOTE :

1) RLmrs = 20 and CRCRL = 4 are shown as examples. Actual supported values will be found in the MR and AC timings sections.

2) WCK and CK are shown aligned (tyckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
3) An ACTIVATE (ACT) command is required to be issued before the READ command, and tgcprp must be met.

4) twekapqo = 0 is shown for illustration purposes.
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NOTE :

WCK_t
WCK _c

DQ

DBI_n

EDC

« T20 T20n T21 T22n  T23 T24 T24n  T25 T25n  T26 T27

| m:u:n:»ﬁm:ﬂ;:m —

(( . n
)y LEAAR AN f ‘

EDC Hold Pattern

((
) >( )( )V( W W W >V( y( EDC Hold
{ CRCan

/\ ST\ IM II\\ A A Pattern

| | | | | | | | |
Figure 60. Single READ with EDC (Half data rate)

1) RLmrs = 20 and CRCRL = 4 are shown as examples. Actual supported values will be found in the MR and AC timings sections.

2) WCK and CK are shown aligned (tyckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
3) An ACTIVATE (ACT) command is required to be issued before the READ command, and tgcprp must be met.

4) twekapqo = 0 is shown for illustration purposes.

NOTE :

WCK_t
WCK_c

DQ

DBI_n

Ti2n T15 T15n T16 T18 T18n T21 T2In  T22

RL = RLmrs 12

))
((
)] \/ \/ \
NQP NOQP NQP NQP NOQP
VAN /\ (A /\ / /\
| )
I

MMM 10

11 | m/{

] ] |

| | |

- | |
&HHHHHWHWHWHHHHHHHW%HHHHHHHHHH*

|

|

Figure 61. Non-Gapless READs

1) RLmrs = 12 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

2) WCK and CK are shown aligned (tyckockpin=0. twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
3) EDC may be on or off. See figure entitled “Single READ with EDC” for EDC Timing.

4) tcep = tcepL When bank groups are enabled and both READs access banks in the same bank group; otherwise tccp=tccps-

5) An ACTIVATE (ACT) command is required to be issued before the READ commands, and tgcprp must be met.

6) twekzpal =

0 is shown for illustration purposes.
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TO T1 T2 T3 T10 TiOn TI1 Tlln TI2 Ti2n TI13 T13n TI14

| ‘ tcep |

RL = RLmrs =10 | \ i | | | | | | \ | |

R e IEREICIILIRNRIENE NI ENE

DQ

DBLn

Figure 62. Gapless READs

NOTE :

1) RLmrs = 10 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

2) WCK and CK are shown aligned (tyckockpin=0. twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
3) EDC may be on or off. See figure entitled “Single READ with EDC” for EDC Timing.

4) tcep = tceps when bank groups are disabled or the second READ s to a different bank group; otherwise tccp=tcep-

5) An ACTIVATE (ACT) command is required to be issued before the READ commands, and trcprp must be met.

6) twckapar = 0 is shown for illustration purposes.

T21 T22 T28n T29 T29n T30

\
\
W proes
R L L R R R R R e R TR R TR LR R IRARAENRRARAE R LRI IEILIEIEIZIZORME

DQ

DBI_n

Figure 63. READ to WRITE

NOTE :

1) WLmrs = 7 and RLmrs = 20 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

2) WCK and CK are shown aligned (tyyckockpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

3) EDC may be on or off. See figure entitled “Single READ with EDC” for EDC Timing.

4) trTw is not a device limit but determined by the system bus turnaround time. The difference between tywckoparn twekepao shall be considered in the calculation of the bus
turnaround time.

5) For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.

6) An ACTIVATE (ACT) command is required to be issued before the READ and WRITE commands, and trcprp OF trRepwr. respectively, must be met.

7) twekzpal twekpao = 0 is shown for illustration purposes.
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WCK_t (e (1
A eV EIEIE VeI e N EENENERENEVEIEIEIENENENEIEIEILIELIRLREVELICETLRLILIENE
N 111 0c0040041001
I e O e | |
o T T T T T T T T T T T T FIS00E040 |
| | | | | Fligure I64. RéAD toI PRE(IZHARlGE | | | | | | |
NOTE :

1) RLmrs = 20 is shown as an example. Actual supported values will be found in the MR and AC timings sections.
2) WCK and CK are shown aligned (tyckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
3) EDC may be on or off. See figure entitled “Single READ with EDC” for EDC Timing.
4) tr7p = trTpL When bank groups are enabled and the PRECHARGE command accesses the same bank; otherwise tgp = trrps.
5) An ACTIVATE (ACT) command is required to be issued before the READ command, and tgcprp must be met.
6) twckapqo = 0 is shown for illustration purposes.
7) If auto precharge is enabled with the READ command, the precharge is initiated at the earliest possible time an explicit PRECHARGE would be allowed.
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7.11 DQ Preamble

DQ preamble is a feature for GDDR6 SGRAMSs that is used for READ data. DQ preamble conditions the DQs for better signal integrity on the initial data
of a burst.

Once enabled by OP5 in MR7, the DQ preamble will precede all READ bursts, including non-consecutive READ bursts with a minimum gap of 1 tck, as

shown in Figure 61. When enabled, the DQ preamble pattern applies to all DQs and DBI_n in a byte, and the same pattern is used for all bytes as shown
in Figure 65. DQ preamble is enabled or disabled for all bytes. The EDC in each byte is not included in the DQ preamble. If ODT is enabled, the ODT is
disabled 1 tci before the start of the preamble pattern as shown in Figure 66.

The preamble pattern on DBI_n is only enabled if the MR for RDBI is enabled (MR1 OP8). During the preamble DBI_n is treated as another DQ and the

preamble pattern on the DQs is not encoded with RDBI. If RDBI is disabled, then DBI_n drives ODT.

Byte 0 Byte 1 Idle Preamble Burst
DQ7 DQ15 1111 [1]1]1 110(1]0{1|[O0O|1|O(1|V|V|V|V|V|IV|V|V|IV|V|V|IV|V|V|V]|V
DQ6 DQ14 1111 [1]1]1 1 oO{1(0{1[O01|O0O|V|V|V|V|V|V|V|IV|V|V|V|V|V|V]|V]|V
DQ5 DQ13 111 [1]1]1 110(1]0(1[O0O|1|O(1|V|V|V|V|IVIV|V|V|IV|V|V|IV|V|V|V]|V
DQ4 DQ12 1111 [1]1]1 111(0|1]0[1]0|1|{O|V|V|V|V|V|IV|V|V|IV|V|V|IV|V|V|V]|V
DQ3 DQM 1111 [1]1]1 110(1]0(1|[O0O|1|O0O(1|V|V|V|V|V|IV|V|V|IV|V|V|IV|V|V|V]|V
DQ2 DQ10 111 [1]1]1 111(0]1]0[1]0|1|{O|V|V|V|V|IVIV|V|V|IV|V|V|IV|V|V|V]|V
DQ1 DQ9 1111 [1]1]1 110(1]0{1[O0O|1|O0O(1|V|V|V|V|VIV|V|V|IV|V|V|IV|V|V|V]|V
DQO DQ8 1111 [1]1]1 1{1(0|1]0[1]0|1|{O|V|V|V|V|V|IV|V|V|IV|V|V|V|V|V|V]|V
DBIO_n DBI1_n (1|11 [1]1]1 oO[(1(0|1{O0(1]|O[1|(V|V|V|V|V|V|IV|V|V|V|V|V|V|V|V|V
Max0s |0[0|0|0|O0|O 0[5(4|5[|4|5|4(5(|4|4|4|4|4[|4|4|4[|4|4|4(|4|4|4(|4|4]4
Time -
Figure 65. DQ Preamble Pattern
NOTE :
1) The number of Max O’s in the burst is 4 only if RDBI is enabled. Max 0°s is on a per byte basis and does not include the EDC.
2) V = Valid signal (H or L, but not floating).
TO T1 T9 T10 Tl Tilln Ti2 Ti2n TI13 TI3n TIi4 T15
CKe - =

NOTE :

CK_t

CA X
—/

RL =RLmrs =12

wee

11

EithE

DQ7, DQ5,
DQ3, DQ1

DQ6, DQ4,
DQ2, DQO

DBLn

oDT

ODT Enabled

X ODT Disabled

Figure 66. Preamble Timing Diagram

1) RLmrs = 12 is shown as an example. Actual supported values will be found in the MR and AC timings sections.
2) WCK and CK are shown aligned (tyyckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
3) EDC may be on or off. See figure entitled “Single READ with EDC” for EDC Timing.

4) DQ6, DQ7 and DBI are shown to illustrate the DQ preamble pattern. RDBI is Enabled (MR1 OP8=0).
5) An ACTIVATE (ACT) command is required to be issued before the READ command, and tgcprp must be met.
6) twckapao = 0 is shown for illustration purposes.
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7.12 Low Frequency Modes

GDDR6 SGRAM'’s have been designed to operate over a wide range of frequencies. GDDR6 must support a contiguous frequency range from tCK=16ns
(250MHz) to the maximum rated speed of the device.

Features such as PLL/DLL off mode, RDQS mode, Termination control bits, temperature sensor and the low power mode MR bits, such as MR5 bits AO-
A3 and MR?7 bit A3, have been developed for low power or frequency operation. Many of the low power features are optional therefore DRAM vendor
datasheets should be consulted for features supported and frequency ranges supported for each feature.

A suggested frequency vs. features table is shown in Table 38 for reference only.

[Table 56] Example of Frequency Modes

Range
9 PLL mode RD data clock 10 training Termination Low Freq. bit
Min Max
High Freq. 2Gbps 16Gbps PLL off CDR Full training Full off
Medium Freq. 0.7Gbps 2Gbps PLL off RDQS Full training Full/Half off/on

No training

Low Freq. 0.4Gbps 0.7Gbps PLL off RDQS (Static offset btw. Half/off on
DQ & WCK)
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7.13 RDQS Mode

For device operation at lower clock frequencies the device may be set into RDQS mode in which a READ DATA STROBE (RDQS) will be sent on the
EDC signals along with the READ data. The controller will use the RDQS to latch the READ data.

RDQS mode is entered by setting the RDQS Mode bit OP9 in Mode Register 2 (MR2). When the bit is set, the device will asynchronously terminate any
EDC hold pattern and drive a logic HIGH after ty,op at the latest. All features controlled by MR4 and the PRBS controlled by MR12 OP2 are ignored by

RDQS mode.

READ commands are executed as in normal mode regarding command to data out delay and programmed READ latencies. A fixed clock-like pattern as
shown in Figure 67 is driven on the EDC signals in phase (edge aligned) with the DQ. Prior to the first valid data element, this fixed clock-like pattern or
READ preamble is driven for 1 tCK.

No CRC is calculated in RDQS mode, neither for READs nor for WRITEs. The CRC engine is effectively disabled, and the corresponding WRCRC and
RDCRC Mode Register bits are ignored. The PLL/DLL may be on or off with RDQS mode, depending on system considerations and the PLL/DLL’s
minimum clock frequency.

There is no equivalent WDQS mode; WRITE commands to the device are not affected by RDQS mode.
RDQS mode is exited by resetting the RDQS Mode bit. In this case the device will asynchronously start driving the EDC hold pattern after ty,op.

The WCK2CK training should be performed prior to entering RDQS mode.

I I T N I
S R L e I T e
MRS} RIEIEIEICIRIEAERERERENRACIRICICEEREELRERREETLICICACACACAEACACCICIRIRICH
A ANERUASELERE 1)1 1454244411 || B
- L T
) R R e 1
e OO oy o A N I B
TEnter RDQS Mode Exit RDQS ModeT

l:l DON'T CARE

Figure 67. RDQS Mode Timings

NOTE :
1) WCK_t and CK are shown aligned (tyckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

2) An ACTIVATE (ACT) command is required to be issued before the READ command, and tgcprp must be met.
3) twekapao = 0 is shown for illustration purposes.

As an optional feature of RDQS mode, EDC1 and EDC3 can be treated as pseudo-differential to EDCO and EDC2 respectively, by setting the EDC13Inv
field, bit A11 in MR4, as shown in Table If the feature is not supported, then EDC13Inv is ignored.

[Table 57] EDC pin behavior in RDQS mode including optional pseudo-differential RDQS

NOP
MRS Set READ/RDTR (except RD/RDTR/ Igl(E)I‘_AI!ERRElecR)‘IQ’SNH
PDN/SRF)
RDQS Mode WCK2CK Training EDC13 Invert EDCO02 Output EDC13 Output EDC0123 Output | EDC0123 Output
Off RDQS RDQS 1111 High
On Off
On RDQS Inverted RDQS 1111 High
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7.14 READ and WRITE Data Bus Inversion (DBI)

Data Bus Inversion (DBIdc) reduces the DC power consumption on data signals, as the number of DQ lines driving a LOW level can be limited to 4 within
a byte. DBIdc is evaluated per byte.

There is one DBI_n per byte: DBIO_n is associated with DQ[7:0] and DBI1_n with DQ[15:8].

DBI_n are bidirectional active LOW double data rate (DDR) signals. For Writes, they are sampled by the device along with the DQ of the same byte. For
Reads, they are driven by the device along with the DQ of the same byte.

Once enabled by the corresponding RDBI Mode Register bit, the device inverts read data and sets DBI_n LOW, when the number of 0’ data bits within a
byte is greater than 4; otherwise the device does not invert the read data and sets DBI_n HIGH, as shown in Figure 68.

Once enabled by the corresponding WDBI Mode Register bit, the device inverts write data received on the DQ inputs in case DBI_n was sampled LOW,
or leaves the data non-inverted in case DBI_n was sampled HIGH, as shown in Figure 69.

from ? . 8
DRAM
T
core D—FD DQ
/0/
C(;‘int DBI_n

from Mode Register:
0 = enabled
1 = disabled

Figure 68. Example of Data Bus Inversion Logic for READs

DQJ L A\ ; to
! DRAM
core

DBl n

from Mode Register:
0 = enabled
1 = disabled

Figure 69. Example of Data Bus Inversion Logic for WRITEs

The flow diagram in Figure 70 illustrates the DBIdc operation. In any case, the transmitter (the controller for WRITEs, the GDDR6 SGRAM for READSs)
decides whether to invert or not invert the data conveyed on the DQs. The receiver (the GDDR6 SGRAM for WRITEs, the controller for READs) has to
perform the reverse operation based on the level on DBI_n. Data input and output timing parameters are only valid with DBI being enabled and a
maximum of 4 data lines per byte driven LOW.
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Logical
output data

Determine '0’ count
in data byte

Transmitter

JNO Yes—i

DBI_n="H’ DBI_n="L’
Don’t invert Invert
data byte data byte
v A
DBI n="H’ DBI n="L’
Don’t invert Invert
data byte data byte

A 4
A

. Logical

Figure 70. DBI Flow Diagram

7.14.1 DBI_n Special Function Overview

The DBI_n signal has special behavior compared to DQs because of the ability to enable and disable it via MRS. For either WRITE or READ DBI_n
training, both DBI READ and DBl WRITE in MRS must be enabled. The behavior of the DBI_n signals in various mode register settings is summarized

below:

If both DBI READ and DBI WRITE are enabled:

« DBI_n drives DBI FIFO data with RDTR command
+ DBI_n FIFO accepts WRTR data with the WRTR command

If only DBI READ is enabled:

* DBI_n drives ODT when not READ or RDTR
If only DBl WRITE is enabled:

+ DBI_n always drives ODT (unless RESET_n)
If both DBI READ and DBI WRITE are disabled:

+ DBI_n drives ODT (unless RESET_n)
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7.15 Error Detection Code (EDC)

The GDDR6 SGRAM provides error detection on the data bus to improve system reliability. The device generates a checksum per byte lane for both
READ and WRITE data and returns the checksum to the controller. GDDR6 supports 2 modes for the EDC with either a 16 bit checksum that runs at
same rate as the data (Full data rate EDC) or an 8 bit checksum that runs at half the rate of the data (Half data rate EDC). Mode Register 2 OP8 selects
between the 2 modes and is undefined at boot. The EDC rate register must be set during the initialization sequence after power up or after a reset.

The 16 bit checksum of the Full data rate EDC is calculated in two halves based on the 2 halves of the 16 bit burst. The first 8 bits of the checksum, CRC-
L, are calculated on burst positions 0 thru 7 and the second half of the checksum, CRC-U, are calculated on burst positions 8 thru 15. The 8 bit checksum
of the Half data rate EDC is calculated on the full 16bit burst using an XOR of the CRC-L and CRC-U as illustrated in Figure 71.

Based on the checksum, the controller can decide if the data (or the returned CRC) was transmitted in error and retry the READ or WRITE command. The
device itself does not perform any error correction. The features of the EDC are:

« 8 bit checksum on 72 bits (9 bit lanes x 8 bit burst) x 2 for 16bit checksum (Full data rate EDC) or 8 bit checksum on 144 bits (9 bit lanes x 16 bit
burst) for 8 bit checksum (Half data rate EDC)

+ dedicated EDC transfer pin per 9 bit lanes (2x per channel)
» asymmetrical latencies on EDC transfer for READs and WRITEs

The 8 bit polynomial is 0x83, or X*8+X"2+X"1+1. The starting seed value is set in hardware at “zero”. Table 58 shows the error detection rate for a variety
of error types. All error rates are calculated over the entire BL16 of data.

[Table 58] Error Correction Details

Error Type Detection Rate Full data rate Detection Rate Half data rate
Random Single Bit 100% 100%
Random Double Bit 100% 100%
Random Triple Bit 100% 99.6%
Random Quad Bit 99.9% 99.6%
Random Odd Count 100% >99.0%
Burst <=8 100% 99.8%
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CRC Data Input
DQ/DBI bit ordering

TO Burst 16 Ordering (2 tck) TO+16 U.L
>

DX |of1]2|3|4af5]|6|7|0|1|2|3|4]|5]6]|7
pQ1 X |8 |9 [10]|11|12]13|14|15[8 |9 |10|11[12]13]14[15

DQ2 «»X] |16 17|18 |19 [20 [21 |22 |23 |16 |17 |18 [19 [20 |21 |22 |23

DQ3 «»X] |24 |25 |26 27|28 |29 |30 [31 |24 25|26 |27 |28 29|30 |31

DQs «pPX] |32 33|34 (35|36 37|38 |39 3233|3435 36|37 |38 |39

DQS*P& 40 [ 41 (42 |43 |44 (45|46 |47 |40 |41 |42 |43 (44 |45 |46 | 47

DQéfP& 48 149 (50 [ 51 |52 |53 |54 |55 48 |49 |50 |51 |52 (53 | 54 | 55

DQ7 «»{X] |56 |57 |58 |59 |60 |61 |62 63|56 |57 58|59 |60 61|62 |63

DBI0_n «»X] |64 |65 |66 |67 |68 |69 |70 |71 |64 |65 66|67 |68 |69 7071

Full data rate
EDC bit ordering Burst 8 Ordering (1 tck) Burst 8 Ordering (1 tck)
TO CRC-L ToO+8U.L Ti CRC-U T1+8 UL
> >
Half data rate
EDC bit ordering
TO Burst 8 Ordering (2 tck) E +16 U.L
ED G G G €D G D G €D
CRC-HR
Half: Bit wise XOR of the
original CRC7 h-matrix
CRC.L (see Verilog code) Full CRC.U
[7:0] . » [7] [7] [6:0]
CRC_L[i] xor CRC_U[i] (i=7-0)
XOR
Y/ Y/ Y/
Full data rate [7:0] Half data rate [7:0] Full data rate [15:8]
CRC Polynomial XB+X2+X+1=0x83=(X+1) (X + X0+ X2+ X4+ X3+ X2 +1)

Figure 71. EDC Calculation Matrix
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The CRC calculation is embedded into the WRITE and READ data stream as shown in Figure 23:
» for WRITEs, the CRC checksum is calculated on the DQ and DBI_n input data before decoding with DBI
» for READs, the CRC checksum is calculated on the DQ and DBI_n output data after encoding with DBI

The bit ordering is optimized for errors in the time burst direction. Figure 71 shows the bit orientation on a byte lane basis. All '1s' are assumed for DBI_n
in the CRC calculation for WRITEs in case WDBI is disabled, and all '1s' are assumed for DBI_n in the CRC calculation for READs in case RDBI is
disabled.

The CRC calculation is also not affected by any data mask sent along with WDM, WDMA, WSM or WSMA commands.

The EDC latency is based on the READ latency for READ data and the WRITE latency for WRITE data. Table 59 shows the 2 timing parameters
associated with the EDC scheme.

Mode Register 4 is used to determine the functionality of the EDC pin. OP[10:9] control the device’s CRC calculation independently for READs and
WRITEs. With EDC off, the calculated CRC pattern will be replaced by the EDC hold pattern defined in Mode Register 4 OP[3:0]. The EDC hold pattern
rate is determined by EDC HR bit. See MODE REGISTERS section for more details.

[Table 59] EDC Timing

Description Parameter Value Units
EDC READ Latency tEDCRL RL + CRCRL tCK
EDC WRITE Latency tEDCWL WL + CRCWL tCK
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7.15.1 EDC Pin Special Function Overview

The EDC pin is used for many different functions. The behavior of the EDC pin in various modes is summarized in Table 60.

[Table 60] EDC Pin Behavior

Device Status

Device Power-up

Condition EDC Pin Status
RESET _n=LOW Hi-Z
RESET_n = HIGH; no WCK clocks HIGH

RESET_n = HIGH; stable WCK clocks

EDC hold pattern (default =’1111’)

WCK2CK Training

WCK is sampled HIGH

HIGH

WCK is sampled LOW

LOW

EDCinv (MR4 OP11 = 0)

EDC hold pattern or PRBS

Idle . EDCO: EDC hold pattern or PRBS
EDCinv (MR4 OP11 =1) EDC1: inverted EDC hold pattern or PRBS
WRCRC on (MR4 OP10 = 0) CRC data
WRITE Burst

WRCRC off (MR4 OP10 = 1)

EDC hold pattern or PRBS

READ or RDTR burst

RDCRC on (MR4 OP9 = 0)

CRC data

RDCRC off (MR4 OP9 = 1)

EDC hold pattern or PRBS

LDFF WRCRC + RDCRC both on or both off EDC hold pattern or PRBS

WRTR burst - EDC hold pattern or PRBS

Power-Down WCK enabled (MR5 OP1 = 0) EDC hold pattern or PRBS
WCK disabled using MR5 OP1 = 1 (Optional) HIGH

Self Refresh - HIGH

Vendor ID Mode WCK is stable EDC hold pattern or PRBS

All except reset EDC Hi-Z (MR8 OP5 = 1) Hi-Z

CA Training CADT on (MR15 OP3 =1 or OP2 = 1) CA data

NOTE :

1) The PRBS feature is optional and set with MR12 OP[3:2].
2) The EDC hold pattern related register bits MR2 OP11, MR4 OP11 and MR4 OPI[3:0] are allowed but not required to influence the bit stream when PRBS is enabled. The
vendor’s datasheet should be consulted for details.
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7.15.2 CRC Polynomial Logic for Full data rate and Half data rate EDC

Below is an implementation of the 72 bit parallel CRC calculation based on the given polynomial: X*8+X"2+X"1+1. The indicates of reg D correspond to
the positions in Figure 71.

function [7:0] CRC_72TO8;
input [71:0] D;
input EDC_mode;
reg [7:0] CRC;
begin
CRC|0] = D[69] ~ D[68] ~ D[67] » D[66] * D[64] ~ D[63] * D[60] » D[56] » D[54] ~ D[53] * D[52] » D[50] ~ D[49] *
D[48] ~ D[45] ~ D[43] ~ D[40] * D[39] # D[35] * D[34] * D[31] ~ D[30] ~ D[28] ~ D[23] ~ D[21] ~ D[19] #
D[18] ~ D[16] ~ D[14] ~ D[12] ~ D[8] ~ D[7] ~ D[6] * D[O];
CRC[1] = D[70] ~ D[66] ~ D[65] » D[63] * D[61] ~ D[60] ~ D[57] » D[56] ~ D[55] ~ D[52] * D[51] * D[48] ~ D[46] *
D[45] » D[44] ~ D[43] ~ D[41] ~ D[39] » D[36] * D[34]  D[32] ~ D[30] ~ D[29] ~ D[28] ~ D[24] ~ D[23] *
D[22] ~ D[21] ~ D[20] ~ D[18] ~ D[17] ~ D[16] » D[15] ~ D[14] ~ D[13] ~ D[12] ~ D[9] ~ D[6] ~ D[1] *
D[O];
CRC[2] = D[71] ~ D[69] ~ D[68] * D[63] * D[62] ~ D[61] ~ D[60] » D[58] ~ D[57] ~ D[54] * D[50] * D[48] ~ D[47] *
D[46] » D[44] ~ D[43] ~ D[42] ~ D[39] # D[37] * D[34] » D[33] ~ D[29]  D[28] » D[25] ~ D[24] ~ D[22] *
D[17] ~ D[15] ~ D[13] ~ D[12] ~ D[10] ~ D[8] ~ D[6] ~ D[2] ~ D[1] ~ DIO];
CRC[3] = D[70] ~ D[69] * D[64] » D[63] * D[62] ~ D[61] ~ D[59] » D[58] » D[55] ~ D[51] * D[49] » D[48] » D[47] *
D[45] » D[44] ~ D[43] ~ D[40] ~ D[38] » D[35] » D[34] ~ D[30] ~ D[29] ~ D[26] ~ D[25] ~ D[23] ~ D[18] *
D[16] ~ D[14] ~ D[13] ~ D[11] ~ D[9] ~ D[7] ~ D[3] ~ D[2] * D[1];
CRC[4] = D[71] ~ D[70] ~ D[65] * D[64] * D[63] ~ D[62] ~ D[60] » D[59] ~ D[56] * D[52] * D[50] * D[49] ~ D[48] *
D[46] » D[45] ~ D[44] ~ D[41] ~ D[39] * D[36] * D[35] * D[31] ~ D[30] ~ D[27] ~ D[26] ~ D[24] ~ D[19] #
D[17] ~ D[15] ~ D[14] ~ D[12] ~ D[10] ~ D[8] ~ D[4] ~ D[3] ~ D[2];
CRC[5] = D[71] ~ D[66] * D[65] » D[64] * D[63] ~ D[61] ~ D[60] » D[57] ~ D[53] ~ D[51] * D[50] * D[49] » D[47] *
D[46] » D[45] ~ D[42] ~ D[40] ~ D[37] » D[36] » D[32] ~ D[31] ~ D[28] ~ D[27] ~ D[25] ~ D[20] ~ D[18] *
D[16] ~ D[15] ~ D[13] ~ D[11] ~ D[9] ~ D[5] ~ D[4] * D[3];
CRC[6] = D[67] ~ D[66] * D[65] * D[64] * D[62] ~ D[61] ~ D[58] » D[54] ~ D[52] ~ D[51] * D[50] ~ D[48] ~ D[47] *
D[46] ~ D[43] ~ D[41] ~ D[38] * D[37] * D[33] * D[32] » D[29] ~ D[28] ~ D[26] ~ D[21] ~ D[19] ~ D[17] *
D[16] ~ D[14] ~ D[12] ~ D[10] ~ D[6] ~ D[5] * D[4];
if(EDC_mode === 1'b0) // full data rate
CRC[7] = D[68] ~ D[67] » D[66] » D[65] ~ D[63] ~ D[62] » D[59] » D[55] » D[53] * D[52] » D[51] » D[49] ~ D[48] *
D[47] ~ D[44] ~ D[42] ~ D[39] ~ D[38] ~ D[34] # D[33] # D[30] * D[29] * D[27] ~ D[22] ~ D[20] ~ D[18] ~
D[17] ~ D[15] ~ D[13] ~ D[11] ~ D[7] ~ D[6] * D[5];
if(EDC_mode === 1'b1) // half data rate
CRC[7] = D[71] ~ D[70] » D[69] ~ D[64] ~ D[61] ~ D[60] ~ D[58] ~ D[57] ~ D[56] * D[54] * D[50] * D[46] ~ D[45] *
D[43] ~ D[41] ~ D[40] ~ D[37] ~ D[36] ~ D[35] * D[32] » D[31] * D[28] ~ D[26] * D[25] » D[24] ~ D[23] ~
D[21] ~ D[19] ~ D[16] ~ D[14] ~ D[12] ~ D[10] ~ D[9] ~ D[8] ~ D[4] ~ D[3] ~ D[2] ~ D[1] ~ D[O];
CRC_72T08 = CRC;
end
endfunction

function [15:0] CRC_GDDR6_FULL;

input [143:0] D;

reg [7:0] CRC_L, CRC_U;

begin
CRC_U = CRC_72T0O8(D[143:72],1'b0);
CRC_L = CRC_72TO8(D[71:0], 1'b0);
CRC_GDDR6_FULL ={CRC_U, CRC_L};

end

endfunction

function [7:0] CRC_GDDR6_HALF;

input [143:0] D;

reg [7:0]CRC_L, CRC_U;

begin
CRC_U = CRC_72T0O8(D[143:72],1'b1);
CRC_L = CRC_72TO8(D[71:0], 1'b0);
CRC_GDDR6_HALF ={CRC_U * CRC_L};

end

endfunction
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7.16 Precharge

The PRECHARGE command (see Figure 72) is a single cycle command used to deactivate the open row in a particular bank (PREpb) or the open row in
all banks (PREab). The bank(s) will be available for a subsequent row access a specified time (tgp) after the PRECHARGE command is issued as
illustrated in Figure 40.

Input CA4 (falling edge of CK) determines whether one or all banks are to be precharged. In case where only one bank is to be precharged, inputs BA[3:0]
select the bank. Otherwise BA[3:0] are treated as “Don’t Care”.

Once a bank has been precharged, it is in the idle state and must be activated prior to any READ or WRITE command being issued. A PRECHARGE
command will be treated as a NOP if there is no open row in that bank, or if the previously open row is already in the process of precharging. Sequences
of PRECHARGE commands must be spaced by at least tppp.

PRECHARGE

cap4 GaX__ X )

cancs T
cao n—n

BA = Bank Address (for PREpb only and V for PREab) I:] DON'T CARE
V = Valid (H or L, but not floating)
PREpb = Precharge (per bank); PREab = Precharge all banks

Figure 72. PRECHARGE command

7.17 Auto Precharge

Auto Precharge is a feature which performs the same individual bank precharge function as described above, but without requiring an explicit command.
This is accomplished by using CA4 (falling edge of CK = HIGH), to enable Auto Precharge in conjunction with a specific READ or WRITE command. A
precharge of the bank / row that is addressed with the READ or WRITE command is automatically performed once the applicable timings tyg, tras and
trTp have been met as described in the WRITE and READ sections and in Table 71. Auto Precharge is non persistent in that it is either enabled or
disabled for each individual READ or WRITE command.

Auto Precharge ensures that a precharge is initiated at the earliest valid stage after the WRITE or READ command. The user must not issue another
command to the same bank until the precharge time (tgp) is completed. This is determined as if an explicit PRECHARGE command was issued at the

earliest possible time, as described for each burst type in the OPERATION section of this specification.
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7.18 REFRESH and PER-BANK / PER-2-BANK REFRESH

The (all-bank) REFRESH (REFab) and the PER-BANK REFRESH (REFpb) / PER-2-BANK REFRESH (REFp2b) commands are used during normal
operation. The commands are non persistent, so they must be issued each time a refresh is required. REFab and REFpb / REFp2b commands are
distinguished by the level of the CA4 input (falling edge of CK) of the REFRESH command. REFpb and REFp2b are selected by MR8 OP7.

REFRESH

cams) XX XV

REFab

REFpb / REFp2b.

BA = Bank Address (for REFpb / REFp2b only and V for REFab) D DON'T CARE
V = Valid (H or L, but not floating)

REFpb = Per-bank refresh; REFab = Refresh all banks

REFp2b = Per-2-bank refresh

Figure 73. REFRESH Command
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7.18.1 REFRESH (REFab) Command

A minimum time tggcap is required between two REFab commands. The same rule applies to any access command after the refresh operation. All banks
must be precharged prior to the REFab command.

The refresh addressing is generated by the internal refresh controller. This makes the address bits "Don't Care" during a REFab command. The device
requires REFab cycles at an average periodic interval of tger(max). The values of tgrep, for different densities are listed in Table 17.

To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the absolute refresh interval is provided.

A maximum of 8 REFab commands can be postponed during operation of the device, meaning that at no point in time more than a total of 8 REFab com-
mands are allowed to be postponed. In case that 8 REFab commands are postponed in a row, the resulting maximum interval between the surrounding
REFab commands is limited to 9 x tREFI (see Figure 75). A maximum of 8 additional REFab commands can be issued in advance (“pulled in”), with each
one reducing the number of regular REFab commands required later by one. Note that pulling in more than 8 REFab commands in advance does not fur-
ther reduce the number of regular REFab commands required later, so that the resulting maximum interval between two surrounding REFab commands
is limited to 9 x tREFI (see Figure 76). At any given time, a maximum of 9 REFab commands can be issued within tREFI.

During REFab, and when OP2 in MR5 is set to ‘0’, WRTR, RDTR, and LDFF commands are allowed at time tggr7R after the REFab command, which

enable (incremental) data training to occur in parallel with the internal refresh operation and thus without loss of performance on the interface as illus-
trated in Figure 74A. See READ Training and WRITE Training for details. Additionally, when OP2 in MR5 is set to 0, MRS commands to MR3 OP[7:6] to
readout the temperature of the device are allowed as illustrated in Figure 74B. The ability to support temperature readout while MR5 OP2=0 is vendor
specific, therefore, vendor datasheets should be consulted. MRS commands during tRFCab that make change to any register other than MR3 OP[7:6]
may result in undefined operation.

As impedance updates from the auto-calibration engine may occur with any REFab command, it is safe to only issue NOP commands during txo period
to prevent false command, address or data latching resulting from impedance updates.

A. RDTR, LDFF and/or WRTR during tprcas

TO b p Ta0 Tal b0 bl T2 b3 Tbé ™7 TcO

K PREab x NOP % REFab }( NOP % WRTR x NOP x NOP x NOP g NOP )( NOP a (

! ‘ful TR !

tgp —T—P ' tRFCab &

< i >

| | 1 1 I | | l 1 1 |

1 | i T I I W | l [ | |

| | e— »q_-ch—ﬂ I | |

WCK t e FE o . PR L . . :
WCK_c |

| | e | 1 z ! | | | [ | 1

- ] ] D 1 N ] ] [ ALLRARAS n

DQ. 1 1 | 1 I 1 | i 1 |

DBI_n 1 1 1 1 | 1 1 1

B. Temperature Readout during tgpc,

10 Tl l'aD Tal b0 Ibl Tv2 I'e T'cé I'c7 Tdo

Mi3 u|1 n-' \Ik ‘op( .r[—nu .

PREab NOP REFab NOP % MRS NQP NQP NOP wu ».:';r_
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Figure 74. REFab Timings
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tReFI

b= gl

trrcab

il

8 postponed REFab commands

- -

Figure 75. Postponing REFab Commands (Example)

tREFI

ST

\\ >t

trRFcab

TTT

8 pulled-in REFab commands

—

Figure 76. Pulling-In REFab Commands (Example)
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7.18.2 PER-BANK REFRESH (REFpb) and PER-2-BANK REFRESH (REFp2b) Commands

The REFpb / REFp2b command provides an alternative for the refresh of the device. The REFpb command initiates a refresh cycle on a single bank
selected by BA[3:0] while accesses to other banks including writes and reads are not affected. The REFp2b command initiates a refresh cycle on a bank
selected by BA[3:0] and it's paired bank while accesses to other banks including writes and reads are not affected. Banks for refresh can be selected by
MR12 OP1 which determines paired banks by “Don’t Care” MSB or LSB. The bank pairing for LSB is shown in Table 62 and for the optional MSB is
shown in Table 63. For devices that support both LSB and MSB, MR12 OP1 allows the desired mode to be programmed.

A minimum time tgrgp is required between an ACTIVATE command and a REFpb / REFp2b command to a different bank. A minimum time tgrerp is
required between any two REFpb / REFp2b commands (see below for an exception requiring trrcpp), and between a REFpb / REFp2b command and an
ACTIVATE command to a different bank. A minimum time tgecpp, is required between a REFpb / REFp2b command and an access command to the same

bank that follows. The selected bank must be precharged prior to the REFpb / REFp2b command. The row address is generated by an internal counter.
This makes the row address bits “Don't Care” during a REFpb / REFp2b command.

A REFpb / REFp2b command can be issued in any order. After all 16 banks have been refreshed using the REFpb / REFp2b command, and after waiting
for at least trrcpp, the internal refresh counter is incremented and the controller can issue another set of REFpb / REFp2b commands in the same or a

different order. However, it is illegal to send another REFpb / REFp2b command to a bank unless all 16 banks have been refreshed using the REFpb /
REFp2b command. The controller must track the banks being refreshed by the REFpb / REFp2b command.

The bank count is synchronized between the controller and the device by resetting the bank count to zero. Synchronization occurs upon exit from reset
state or by issuing a REFab or SELF REFRESH ENTRY command. Both commands may be issued at any time even if a preceding sequence of REFpb
/ REFp2b commands has not completed cycling through all 16 banks. The internal refresh counter is not incremented in case of such incomplete cycling.
It is pointed out that multiple occurrences of synchronization events without refresh counter increment may result in an insufficient refresh of the memory
array; it is suggested to issue additional REFab commands in that case.

The average rate of REFpb commands trerpp, is given by trer / 16 when MR8 OP7 = 0. The average rate of REFp2b commands trgrpp is given by trer
/ 8 when MR8 OP7=1.

REFab commands must also be issued during normal operation at a minimum rate of ta\grgr = 1ms to allow impedance updates from the auto-calibration
engine to occur.

TO T1 Ta0 Tal TbO Tb1 TcO Tcl Tdo Td1
CKc — § - § — § -
CK_t ' '

> < ‘ > < > tReCpb

| |
| | | |
P tRRD | tRREFD tRREFD | |
' |
| T

>

1 | 1
| | | \4 T T
ACT ZX REFpb EX REFpb ZX ACT ZX ACT =
CA >< BAx >< N:OP BAy, >< N:@ BAZ >< N:OP BAs >< N:OP BAz >< N:QE
| | | | | | |

BA =Bank Address
REFpb can be either REFpb or REFp2b depending on MR8 OP7

Figure 77. REFpb / REFp2b Timings

| | | | |
4 [RREFD < tRECpb >< tRREFD >

~ ~ - - hd
First set of 16 REFpb commands Next set of 16 REFpb commands

Figure 78. Sets of REFpb Commands
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The example in Table 61 shows two full sets of REFpb commands with the bank counter reset to zero and the refresh counter incremented after 16
REFpb commands each. The 3rd set to REFpb commands is interrupted by the REFab command which resets the bank counter to 0 and performs
refreshes to all banks indicated by the refresh counter.

[Table 61] Refresh Counter Increments - REFpb

CNT SUB-CNT COMMAND BA[3:0] REFRESH BANK BANK COUNTER REFRESH COUNTER
0 0 Reset, REFab or SRE command ToO
1 1 REFpb 0000 0 Oto1
2 2 REFpb 0001 1 1t02
3 3 REFpb 0010 2 2t03
4 4 REFpb 0011 3 3to4 n
15 15 REFpb 1110 14 14t0 15
16 16 REFpb 1111 15 15t0 0
17 1 REFpb 0100 4 Oto1
18 2 REFpb 0111 7 1to2
19 3 REFpb 1011 11 2t03
20 4 REFpb 0110 6 3to4 n+1
31 15 REFpb 1100 12 14t0 15
32 16 REFpb 0001 1 15t0 0
33 1 REFpb 0010 2 Oto1
34 2 REFpb 1001 9 1t02 n+2
35 3 REFpb 0000 0 2t03
36 0 REFab \" all ToO n+2
37 1 REFpb 1010 10 Oto1 N+
38 2 REFpb 0101 5 1to2

—(P T —

-

t |
g RREFD

| |
> < tRREFD >

A

~" ~"
First set of 8 REFp2b commands

'

Next set of 8 REFp2b commands

Figure 79. Sets of REFp2b Commands
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The examples in Table 62 and Table 63 show two full sets of REFp2b commands with the bank counter reset to zero and the refresh counter incremented
after 8 REFp2b commands each. The 3rd set to REFp2b commands is interrupted by the REFab command which resets the bank counter to 0 and per-
forms refreshes to all banks indicated by the refresh counter. The 3rd set also shows the requirement that a set must either be complete or a REFab to

reset the bank counter back to 0 before any change to MR8 OP7. The 4th set uses REFpb.

[Table 62] Refresh Counter Increments - REFp2b (LSB)

CNT SUB-CNT COMMAND I BA[3:0] REFRESH BANKS BANK COUNTER REFRESH COUNTER
0 0 Reset, REFab or SRE command followed by MRS to set MR8 OP7 = To o
1and MR12 0OP1=0

1 1 REFp2b 0000 0,1 Oto1

2 2 REFp2b 0010 2,3 1to2

3 3 REFp2b 0100 4,5 2t03

4 4 REFp2b 0110 6,7 3to4

5 5 REFp2b 1000 8,9 4t05 :
6 6 REFp2b 1010 10, 11 5t0 6

7 7 REFp2b 1100 12,13 6to7

8 8 REFp2b 1110 14,15 7t00

9 1 REFp2b 0100 4,5 Oto1

10 2 REFp2b 0111 7,6 1t02

11 3 REFp2b 1011 11,10 2t03

12 4 REFp2b 1001 9,8 3to4 n+1
15 7 REFp2b 1100 12,13 6to7

16 8 REFp2b 1111 15, 14 7t00

17 1 REFp2b 0010 2,3 Oto1

18 2 REFp2b 1001 9,8 1to2 n+2
19 3 REFp2b 0000 0,1 2t03

20 0 REFab Vv all To 0 n+2
21 0 MRS (MR8 OP7 = 0) \ - 0 n+2
22 1 REFpb 1010 10 Oto1

23 2 REFpb 0101 5 1to2 n*s
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[Table 63] Refresh Counter Increments - REFp2b (MSB)

CNT SUB-CNT COMMAND BA[3:0] REFRESH BANKS BANK COUNTER REFRESH COUNTER
0 0 Reset, REFab or SRE command followed by MRS to set MR8 OP7=1 To 0
and MR12 OP1 =1
1 1 REFp2b 0000 0,8 Oto1
2 2 REFp2b 0001 1,9 1t02
3 3 REFp2b 0010 2,10 2t03
4 4 REFp2b 0011 3,11 3to4
5 5 REFp2b 0100 4,12 4t05 "
6 6 REFp2b 0101 513 5t0 6
7 7 REFp2b 0110 6, 14 6to7
8 8 REFp2b 0111 7,15 7t00
9 1 REFp2b 0100 4,12 Oto1
10 2 REFp2b 0111 7,15 1t02
11 3 REFp2b 1011 11,3 2t03
12 4 REFp2b 1001 9,1 3to4 n+1
15 7 REFp2b 1100 12,4 6to7
16 8 REFp2b 1110 14,6 7t00
17 1 REFp2b 0010 2,10 Oto1
18 2 REFp2b 1001 9,1 1to2 n+2
19 3 REFp2b 0000 0,8 2t03
20 0 REFab \" all ToO n+2
21 0 MRS (MR8 OP7 = 0) \ - 0 n+2
22 1 REFpb 1010 10 Oto1
23 2 REFpb 0101 5 1t02 n*s
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[Table 64] REFab and REFp2b Command Scheduling Requirements

From Command To Command “Fromng:igjrrr#;r:l(lij’?lt?)x#ztvcvz?:mand” Notes
REFab or SELF REFRESH ENTRY tRFCab
REFab REFpb / REFp2b (any bank) tRFCab
ACTIVATE (any bank) tRFCab
REFab or SELF REFRESH ENTRY tRFCpb
REFpb / REFp2b (other bank) tRREFD or tRFCpb 2
REFpb / REFp2b REFpb / REFp2b (same bank) tRFCpb 1
ACTIVATE (other bank) tRrREFD
ACTIVATE (same bank) trrcpb
REFab or SELF REFRESH ENTRY tre
ACTIVATE REFpb / REFp2b (other bank) tRRD 4
REFpb / REFp2b (same bank) tre 3

NOTE :

1) Back-to-back REFpb / REFp2b commands to the same bank are only allowed when the first REFpb / REFp2b command completes a set of 16 per-bank / 8 per-2-bank
refresh operations and the second REFpb / REFp2b command initiates the next set of 16 per-bank / 8 per-2-bank refresh operations.
2) Use trrcpp When the first REFpb/ REFp2b command completes a set of 16 per-bank / 8 per-2-bank refresh operations and the second REFpb / REFp2b command initiates

the next set of refresh operations. Use tgrrerp in all other cases.
3) A bank must be in the idle state with tgp satisfied before it is refreshed.
4) teaw pParameters must be observed as well.
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7.19 Self Refresh

Self Refresh can be used to retain data in the device, even if the rest of the system is powered down. Self Refresh can also be used to retain data in only
one channel while the other channel is in normal operation. The full power savings can only be achieved when both channels are in Self Refresh. When
in the Self Refresh mode, the device retains data without external clocking. The SELF REFRESH ENTRY command (see Figure 80) is initiated like a
REFRESH command except that CKE_n is pulled HIGH.

SELF REFRESH ENTRY is only allowed when all banks are precharged with tgp satisfied, and when the last data element or CRC data element from a
preceding READ or WRITE command has been pushed out (txpsre o twrsre)- NOP commands are required until tcksge is met after the entering Self

Refresh. The PLL/DLL is automatically disabled upon entering Self Refresh and is automatically enabled and reset upon exiting Self Refresh. If the device
enters Self Refresh with the PLL/DLL disabled, it will exit Self Refresh with the PLL/DLL disabled.

Once the SELF REFRESH ENTRY command is registered, CKE_n must be held HIGH to keep the device in Self Refresh mode. When the device has
entered the Self Refresh mode, all external control signals, except CKE_n and RESET_n are “Don’t care”. For proper Self Refresh operation, all power
supply (Vpp, Vppa, Vpp) and Vregc must be at valid levels. The device initiates a minimum of one internal refresh within tckesg period once it enters Self
Refresh mode. The CA, data and WCK inputs are in ODT state, and the EDC signals drive a HIGH.

The CK clock is internally disabled during Self Refresh operation to save power, only if both channels are in the Self Refresh state. The WCK clock(s) are
also internally disabled during SRF on each channel independently. The user may change the external clock frequency or halt the external CK clock
tcksre after SELF REFRESH ENTRY is registered on both channels as shown in Figure 81. Likewise, the host may halt the external WCK clock(s) in a

channel tcksre after SELF REFRESH ENTRY is registered on that channel. The minimum time that the channel or device must remain in Self Refresh
mode is tCKESR'

The procedure for exiting Self Refresh requires a sequence of events. First, the CK clocks must be stable tcksrx prior to CKE_n going back LOW. WCK

clocks could be on or off at SELF REFRESH EXIT depending on the preferred method for resetting the WCK divider in WCK2CK training, which is
required upon SELF REFRESH EXIT. For frequency supported by each method, the vendor datasheet should be consulted. A delay of at least tyg must

be satisfied before a valid command can be issued to the device to allow for completion of any internal refresh in progress.

During Self Refresh the on-die termination (ODT) and driver will not be auto-calibrated. Recalibration may be automatically performed within tXS after self
refresh exit and if not the recalibration will take place on the next REFab command. During this period, commands other than NOP shall be issued with
caution, depending on anticipated or measured voltage and temperature changes. No recalibration is performed when

calibration update has been set to off in MR1 OP6.

Upon exit from Self Refresh, the device can be put back into Self Refresh mode after waiting at least tyg period and issuing one extra REFab command.
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[Table 65] Pin States During Self Refresh

SELF REFRESH

CK?C_\ - —
CK_t ~ - —

CKE_n J |

|
CA9 |

CA[10, 7:0]

V =Valid (H or L, but not floating)

[ ] poN'T caRE

Figure 80. SELF REFRESH Entry Command

Pin State

EDC HIGH

DQ/DBI_n oDT

CA, CABI_n oDT
CKE_n ODT (Driven HIGH by Controller)

WCK_t/WCK_c oDT

CK_t/CK_c oDT
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A. SRE and SRX with only WCK clock stop

CK_c é ' ! '
CK_t e o \ 1 Toai A | | I~ (i | \ "
\ M——,N « ‘4—’t [ [ [ | [ [ |
4 S
CKE_n ‘ ! tCPDED N V”‘ CHES ‘ « ‘ < ‘ ‘ e : « : ‘
I EUT IR U
I t f t
‘ ~ F“ XS MRD : : . ' MOD. |
ca g E@CI@c@cIm@cm
WCK _o_ I_ I_ } |
L { ) S 2R 2 |
WCK _t ? t ‘ A T T R
& I L S e ,
= J z - —
- - . | |
O Don't Care +Enter Self Refresh Mode * WCK2MRS T MRSTWCK
Exit Self Refresh Mode
Enter WCK2CK .
Training (resets WCK Exit WCK2CK
WCK divider Restart Training
circuits)
NOTE :
1) Stopping the CK clock is only allowed if both channels are put in Self Refresh or Hibernate Self Refresh mode.
B. SRX with WCK clock stop and Phase Search
TbO Tb1 Tb10 Tb11l TcO Tdo Td1 Te0 Tf0 Tf1 Tg0 Tgl Thl
CK e i ; X i
CK_t Mo 5 - | I | | | i |
| I I I | | I | I
CKE_n ¥ \ O e e ! | I, e ! I, !
\ T T A A T T
| | | | | | | |

‘ txs | g tMrD tMOD

=" scariitieacieneasi eacs ool

oo o p
> J — g g

- * twckamRrs T‘ tvrsTWCK A twekaTR
Exit Self Refresh Mode
Enter WCK2CK

Training (resets WCK Start WCK2CK Exit WCK2CK
WCK divider Restart Phase Search Training
circuits)
C. SRX without WCK clock stop
Tb0 Tb1 Tb10 Tb11 Tc0 TdO Td1 TeO Tf0 Tf1 Tg0 Tgl Thl
CK e i i i i i i i i | i 7 7 |
CK_t (= \ \ | I~ \ \ | ! | |
| | tes | | | | | | | | | |
CKE_n | | “—»‘ | « | « | | « | « | | « | | « |
| | \ 4 | 4 | | 7 | I | | 4 | | 4 |
[ [ t><S [ ‘\ < tvrp | [ \ [ [ [ | L tyiopg |
| | | | | | | | I | I I |
CA MX x NOP 2 x g x Nor X 1\01’% x 1\01’2 x NOP x NOP 2 x NOP x MRS 2 X vaia )
|
WCK _c )
WCK_t
DQ

Exit Self Refresh Mode* T T ?

Enter WCK2CK Training Start WCK2CK Exit WCK2CK
Phase Search Training

Figure 81. Self Refresh Entry and Exit
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7.20 Partial Array Self Refresh (PASR)

The GDDR6 SGRAM can be programmed to exclude parts of the memory array from refresh when the channel is held in Self Refresh mode. OP[11:0] in
MR11 are associated with the Partial Array Self Refresh (PASR) feature.

7.20.1 PASR Bank Masking

Two banks can individually be configured to be excluded from refresh in Self Refresh mode by programming the bank mask bit(s) in MR11 OP[7:0]. The
banks are excluded from refresh when the corresponding 2-bank mask bit is set to “1”. When a 2-bank mask bit is set to “0”, a refresh to the banks is
determined by the status of the row segment mask bits as described below.

7.20.2 PASR Row Segment Masking

The row address space of a channel is virtually divided into 4 row segments along the two MSB row address bits. Each row segment can individually be
configured to be excluded from refresh in Self Refresh mode by programming the row segment mask bit(s) in MR11 OP[11:8]. An entire row segment
across all 16 banks is excluded from refresh when the corresponding row segment mask bit is set to “1”. When a row segment mask bit is set to “0”, a
refresh to the row segment in each group of 2 banks is determined by the status of the corresponding 2-bank mask bits as described above.

An example of using the PASR bank and row segment masking is shown in Table 66.

[Table 66] Example of PASR 2-Bank and Row Segment Masking in Self Refresh Mode

Row Segment Mask Banks Banks Banks Banks Banks Banks Banks Banks
MR11 OP[11:8] [15:14] [13:12] [11:10] [9:8] [7:6] [5:4] [3:2] [1:0]
AR SbE0] 0 0 0 0 0 1 0 0
Row Segment 0 0 M
Row Segment 1 0 M
Row Segment 2 1 M M M M M M M M
Row Segment 3 0 M

NOTE :
1) Refresh operation to bank 4 and 5 as well as to row segment 2 in all banks is masked.
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7.21 Hibernate Self Refresh

Hibernate Self Refresh is a special mode that provides the same data retention as in the regular Self Refresh mode, but allows the channel to disable
additional circuits to achieve an even lower power consumption at the expense of a significantly extended period to return to normal operation. The full
power savings can only be achieved when both channels are in Hibernate Self Refresh.

MR7 OP1 is associated with Hibernate Self Refresh. The bit is self-clearing, meaning that an MRS command must set this bit any time the device shall
enter Hibernate Self Refresh using the SELF REFRESH ENTRY command.

After the SELF REFRESH ENTRY command is registered, CKE_n must be held HIGH to keep the channel in Hibernate Self Refresh mode. Exiting this
mode requires a sequence of events as shown in Figure 82: at first CKE_n must be pulled LOW and again pulled HIGH after tyyp has elapsed. The
channel is now in regular Self Refresh mode, and must be held in this mode for at least tygy period, to retain data during the extended exit time from
Hibernate Self Refresh mode. After tygy period the sequence for SELF REFRESH EXIT shall be followed to return to normal operation.

TO T1 Ta0 Tal Ta2 Tb0 TcO Tcl Tc2 TdO
CK_c — i | 55 S B
. [ ¢ [ [ «
CK_t [ [ § [ [ [ [ 7
I tvop | I teksge | \
< w >« T 1 P .
| | T T T D] T D]
CKE_n | | ;9/ | | | | [ [
\ ] | I tcppED | I ‘ | | ]
[ [ < 1 1 P : [ [ [ [
| | ‘ | | | ! | | \‘tXS_N
| | | | | | ‘ | | | L\~
CA ( MRS x NO@ZXE{E x NOP X Noay >< NOP SRX Val\ii
I I 55 I I I 55 I 55 I I I 55 I
State Normal Mode « ‘ Hibernate Self Refresh Mode « « Self Refresh ‘ N or(r(nal Mode
| [ | | | 7 7 | | | K |
Set Enter Exit Exit
Hibernate Hibernate Hibernate Self Refresh
Bit Self Refresh Self Refresh
] Don't Care

Figure 82. Hibernate Self Refresh

NOTE :
1) Stopping the CK clock is only allowed if both channels are put in Self Refresh or Hibernate Self Refresh mode.
2) Minimum CKE_n pulse width must satisfy tCKE.
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7.22 Hibernate Self Refresh With Vppq Off

To further reduce the power consumption in self refresh mode, GDDR6 SGRAMs optionally allows to completely power off Vppq when the device is held
in hibernate self refresh. The Vppq Off Mode Register bit MR12 OPO is associated with this function; the bit is self-clearing, meaning that an MRS
command must set this bit any time the device shall power off Vppq. The device indicates the support of this feature in the Vendor ID, bit 15 of ID1.

The following sequence is required to enter and exit this mode:
1) Issue MRS command(s) on both channels to set the Vppq Off and Hibernate SRF bits and wait for tyop.
2) Issue a SELF REFRESH ENTRY command followed by NOPs for tcppep. After tcppep the device is held in hibernate self refresh regardless of the

level of the CKE_n signal.
3) After meeting tyopg timing it is safe to power off Vppqg. The voltage level at all device inputs except RESET_n has to be kept at or below Vppq at all

times of the Vppq power off and on transitions. The RESET_n input must be pulled HIGH to prevent an unwanted chip reset. Maintain Vpp and Vpp at

valid levels. Maintain Vppq off (below 0.1 x Vpp) for at least tyon.
4) For exiting this mode, apply power to Vppq. The device will detect the Vppq stable state when Vppq reaches 0.9 x Vpp and will subsequently return

to (regular) Hibernate Self Refresh.
5) Drive CKE_n to HIGH latest at time torgy after Vppq is stable (>90% of Vpp). The device will re-enable the CKE_n receiver after tctgy has elapsed.

Maintain CKE_n HIGH until tyex has elapsed.
6) Hibernate self refresh can be exited a time tygx after Vppq is stable. Follow the procedure described above to exit hibernate self refresh and return

to normal operation.

Vopo
CK_c vy
CK_t (O [ W 'LSS, :
—s =
CKE_n
 tCPDED | _tCTEN | _XHP,
Y Ll Y > Ly >
RESET n
L
CA NNOP‘ SRE NOPX
Pow | | | ;
All other
inputs d
i tVOFF P tVON P tHEX o
“—p < > < T >
D%gl;g Olggigtlfoln Preparg]ff?r Vooq Hibernate with Vopo Off Hibernate SRF Normal SRF
t bt

Enter Hibernate Power Off Vopo CKE_n Exit Hibernate
Self Refresh Vbbo Stable Stable Self Refresh
with Vppg Off HIGH

Figure 83. Hibernate Self Refresh with Vppq Off Entry and Exit

NOTE :
1) Minimum CKE_n pulse width must satisfy tCKE.
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7.23 Power-Down

GDDR6 SGRAMSs requires CKE_n to be LOW at all times an access is in progress: from the issuing of a READ or WRITE command until completion of
the burst. For READs, a burst completion is defined as when the last data element including CRC has been transmitted on the DQ outputs, for WRITEs,
a burst completion is defined as when the last data element has been written to the memory array and CRC data has been returned to the controller.
CKE_n is also required to be LOW for a time tpctppg after an ACTIVATE command, for a time tpreppg after a PRECHARGE command, for a time

trerppE after a REFRESH command, or for a time tyrsppg after a MODE REGISTER SET command.

Power-Down is entered when CKE_n is registered HIGH. If POWER-DOWN occurs when all banks are idle, this mode is referred to as precharge Power-
Down; if Power-Down occurs when there is a row active in any bank, this mode is referred to as active POWER-DOWN. Entering POWER-DOWN
deactivates the input and output buffers, excluding CK_t, CK_c, WCK_t, WCK_c, RESET_n, EDC signals and CKE_n if LP2 bit (MR5 OP1) is set LOW. If
LP2 bit is set to HIGH, WCK_t, WCK_c input buffers and EDC output buffer are additionally de-activated in POWER-DOWN.

For maximum power savings, the user has the option of disabling the PLL/DLL prior to entering POWER-DOWN. In that case, on exiting POWER-DOWN,
WCK2CK training is required to set the internal synchronizers which will include the enabling of the PLL/DLL, PLL/DLL reset, and t, k clock cycles must

occur before any READ or WRITE command can be issued.

While in power-down, CKE_n HIGH, a stable CK and RESET _n signals must be maintained at the device inputs if LP2 bit (MR5 OP1) is set to HIGH as
shown in Figure 84A. If LP2 bit (MR5 OP1) is set to off, WCK signals must also be maintained in power-down and DRAM continuously drive the EDC hold
pattern on the EDC balls as shown in Figure 84B. The Power-Down state is synchronously exited when CKE_n is registered LOW (in conjunction with a
NOP command). A valid executable command may be applied typ cycles later. The power-down duration is specified by tPD and limited by the refresh

requirements of the device.

123 SAMSUNG



Rev. 1.3

K4Z80325BC GDDR6 SGRAM

A) LP2 bit On (MR5 OP1 =1)

\

|

CKE_n ! / :
| |

tacTPDE, tPREPDE, tREFPDE, | tcPDED

tMRSPDE, tRDSRE OF tWRSRE >

TEnter POWER-DOWN Mode ) ] Don't Care
Exit POWER-DOWN Mode

B) LP2 bit Off (MR5 OP1 = 0)

| |
tactrDE, tPREPDE, tREFPDE, | tCPDED
4—}
tMRSPDE, tRDSRE OF tWRSRE ! \ |

TEnter POWER-DOWN Mode ] Don't Care
Exit POWER-DOWN Mode

Figure 84. Power-Down Entry and Exit
NOTE :
1) Minimum CKE_n pulse width must satisfy tcke.
2) After issuing POWER-DOWN command, NOP commands are required for a minimum of tcppgp after POWER-DOWN entry.

[Table 67] Pin States During Power-Down

Pin LP2 on (MR5 OP1 = HIGH) LP2 off (MR5 OP1 = LOW)
EDC HIGH ‘Hold’
DQ/DBI_n oDT oDT
CA oDT oDT
CKE_n ODT (Driven HIGH by Controller) ODT (Driven HIGH by Controller)
CK_t/ICK_c oDT OoDT
WCK_t/WCK_c ODT (receiver off) ODT (receiver active)
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7.24 Command Truth Tables

[Table 68] Truth Table — CKE_n

CKE_n 2
Previous Cycle T Cu)rrent Cycle CURRENT STATE 3), 5) COMMAND(n) ACTION(n) NOTES
(n-1) (n)
H H Power-Down X Maintain Power-Down
H H Self Refresh X Maintain Self Refresh
H L Power-Down NOP Exit Power-Down
H L Self Refresh NOP Exit Self Refresh 6
L H All Banks Idle NOP Precharge Power-Down Entry
L H Bank(s) Active NOP Active Power-Down Entry
L H All Banks Idle REFab Self Refresh Entry
L L See Table 69 and Table 70

NOTE :

1) H = Logic HIGH Level; L = Logic LOW Level; X = Don’t Care (command decoder disabled)

2) CKE_n(n) is the logic state of CKE_n at clock edge n; CKE_n(n-1) was the state of CKE_n at the previous clock edge.

3) Current state is the state of the device immediately prior to clock edge n.

4) COMMAND(n) is the command registered at clock edge n, and ACTIONn is a result of COMMANDN.

5) All states and sequences not shown are illegal or reserved.

6) NOP commands should be issued on any clock edges occurring during the tyg period.

A minimum of t, ¢ is needed for the PLL/DLL to lock before applying a READ or WRITE command if the PLL/DLL was disabled.
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[Table 69] Truth Table — Current State Bank n — Command To Bank n

CURRENT STATE g@;e(ﬂsé’l‘g ggge(';‘;"g'l‘(? g@:e(ﬂsé'l‘g gggse(';“f"g',‘(g COMMAND/ACTION NOTES
H H
Any H H H L NO OPERATION (NOP/continue previous operation)
L H
L \% Vv \% ACTIVATE (select and activate row)
Idle H L L H REFRESH ALL / PER-2-BANK REFRESH 8
H H L L MODE REGISTER SET
H L H H READ (select column and start READ burst) 10
Row Active H L H L }/\\//VROI-I[/IE \(As/esllt\a/lcz);:c\)llvu[r)n%and start WRITE burst) 10
H L L PRECHARGE (deactivate row in bank or banks)
H H H READ (select column and start new READ burst) 10
(Auggggré?rge H L H L Y\\llvFgll\-/lE \(I\Slgﬁllcgf?ll\/utr)nl\;ll)and start WRITE burst) 10, 11
H L L L PRECHARGE (only after the READ burst is complete 9
Write H L H H READ (select column and start READ burst) 10
(AugsZragré?rge H L H L WRITE (select column and start new WRITE burst) 10
(WOM., WSM or (WOM, WSM or WDM)
WDM) H L L L PRECHARGE (only after the WRITE burst is complete) 9

NOTE :

1) H = Logic HIGH Level; L = Logic LOW Level; V = Valid signal (H or L, but not floating)

2) This table applies when CKE_n(n-1) was LOW and CKE_n(n) is LOW (see Table 68) and after tyg has been met (if the previous state was self refresh).

3) This table is bank-specific, except where noted (i.e., the current state is for a specific bank and the commands shown are those allowed to be issued to that bank when in that
state). Exceptions are covered in the notes below.

4) Current state definitions:

Idle: The bank has been precharged, and tgrp has been met.

Row Active: A row in the bank has been activated, and tgcp has been met. No data bursts/accesses and no register accesses are in progress.
Read: A READ burst has been initiated, with auto precharge disabled.

Write: A WRITE burst has been initiated, with auto precharge disabled.

5) The following states must not be interrupted by a command issued to the same bank. NOP commands, or allowable commands to the other bank should be issued on any
clock edge occurring during these states. Allowable commands to the other bank are determined by its current state and Table 69, and according to Table 70. The minimum
delay from a READ or WRITE command with auto precharge enabled, to a command to the same bank is summarized in Table 71.

Precharging: Starts with registration of a PRECHARGE command and ends when tgp is met. Once tgp is met, the bank will be in the idle state.

Row Activating: Starts with registration of an ACTIVATE command and ends when tgcp is met. Once tycp is met, the bank will be in the “row active” state.

Read w/Auto-Precharge Enabled: Starts with registration of a READ command with auto precharge enabled and ends when tgp has been met. Once tgp is met, the bank will
be in the idle state. Write w/Auto-Precharge Enabled: Starts with registration of a WRITE command with auto precharge enabled and ends when tgp has been met. Once tgrp
is met, the bank will be in the idle state.

6) The following states must not be interrupted by any executable command; NOP commands must be applied on each positive clock edge during these states.

Refreshing: Starts with registration of a REFab command and ends when trgcap, is met. Once trecqp, is met, the device will be in the all banks idle state. Accessing Mode
Register: Starts with registration of a MODE REGISTER SET command and ends when ty)op has been met. Once ty,op is met, the device will be in the all banks idle state.
Precharging All: Starts with registration of a PREall command and ends when tgp is met. Once trp is met, all banks will be in the idle state. READ or WRITE: Starts with the
registration of the ACTIVATE command and ends with the last valid data nibble.

7) All states and sequences not shown are illegal or reserved.

8) Not bank-specific (REFab, MODE REGISTER SET) or bank specific (REFpb / REFp2b); requires that all banks (REFab, MODE REGISTER SET) or the current bank (REFpb
/ REFp2b) are idle, and bursts are not in progress.

9) May or may not be bank-specific; if multiple banks are to be precharged, each must be in a valid state for precharging.

10) Reads or Writes listed in the Command/Action column include Reads or Writes with auto precharge enabled and Reads or Writes with auto precharge disabled.

11) AWRITE command may be applied after the completion of the READ burst.
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[Table 70] Truth Table — Current State Bank n — Command To Bank m

CURRENT STATE g@:e('g}sgl‘g gg‘gé'::f' '(i:",?) g@:e('z}sgl‘g g@gé';af"(‘{,‘g COMMAND/ACTION NOTES
H H
Any H H H L NO OPERATION (NOP/continue previous operation)
L H
Idle X X X X Any Command Otherwise Allowed to Bank m
L \Y \Y \% ACTIVATE (select and activate row)
Row Activating, H L H H READ (select column and start READ burst) 8
PAC“VB' or H L H L WRITE (select column and start WRITE burst) 8
recharging (WOM, WSM or WDM)
H L L L PRECHARGE
L \Y \Y \% ACTIVATE (select and activate row)
Read H L H H READ (select column and start new READ burst) 8
(Autq Precharge H L H L WRITE (select column and start WRITE burst) 89
Disabled) (WOM, WSM or WDM) '
H L L L PRECHARGE
L \Y \Y ACTIVATE (select and activate row)
Write H L H H READ (select column and start READ burst) 8
(AU'I‘DO_ Precharge H L H L WRITE (select column and start new WRITE burst) 8
isabled) (WOM, WSM or WDM)
H L L L PRECHARGE
L \% Vv ACTIVATE (select and activate row)
Read H L H H READ (select column and start new READ burst) 8
I(DWith Auto H L H L WRITE (select column and start WRITE burst) 89
recharge) (WOM, WSM or WDM) '
H L L L PRECHARGE
L \% Vv \% ACTIVATE (select and activate row)
Write H L H H READ (select column and start READ burst) 8
é,With Auto H L H L WRITE (select column and start new WRITE burst) 8
recharge) (WOM, WSM or WDM)
H L L L PRECHARGE

NOTE :

1) H = Logic HIGH Level; L = Logic LOW Level; V = Valid signal (H or L, but not floating)

2) This table applies when CKE_n(n-1) was LOW and CKE_n(n) is LOW (see Table 68) and after tyg has been met (if the previous state was self refresh).

3) WRITE in this table refers to WOM/WOMA, WSM/WSMA and WDM/WDMA commands

4) This table describes alternate bank operation, except where noted (i.e., the current state is for bank n and the commands shown are those allowed to be issued to bank m,
assuming that bank m is in such a state that the given command is allowable). Exceptions are covered in the notes below.

5) Current state definitions:
Idle: The bank has been precharged, and tgrp has been met.
Row Active: A row in the bank has been activated, tgcp has been met and no data bursts/accesses and no register accesses are in progress.
Read: A READ burst has been initiated, with auto precharge disabled.
Write: A WRITE burst has been initiated, with auto precharge disabled.
Read with Auto Precharge Enabled: See following text
Write with Auto Precharge Enabled: See following text

5a) The read with auto precharge enabled or write with auto precharge enabled states can each be broken into two parts: the access period and the precharge period. For read
with auto precharge, the precharge period is defined as if the same burst was executed with auto precharge disabled and then followed with the earliest possible PRE-
CHARGE command that still accesses all of the data in the burst. For write with auto precharge, the precharge period begins when tyyg ends, with tyg measured as if auto
precharge was disabled. The access period starts with registration of the command and ends where the precharge period (or tgp) begins. During the precharge period of the
read with auto precharge enabled or write with auto precharge enabled states, ACTIVATE, PRECHARGE, READ and WRITE commands to the other bank may be applied.
In either case, all other related limitations apply (e.g., contention between read data and write data must be avoided).

5b) The minimum delay from a READ or WRITE command with auto precharge enabled, to a command to a different bank is summarized in Table 71.

6) REFab and MODE REGISTER SET commands may only be issued when all banks are idle.

7) All states and sequences not shown are illegal or reserved.

8) READs or WRITEs listed in the Command/Action column include READs or WRITEs with auto precharge enabled and READs or WRITEs with auto precharge disabled.

9) A WRITE command may be applied after the completion of the READ burst.
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[Table 71] Auto Precharge Enabled/Disabled and PREab / PREpb Timings

FROM COMMAND TO COMMAND “FROM camimurm Delay Between aND 9 | UNIT | NOTES
PREpb (same bank) trTP tek 5
PREpb (different bank) 1 tek
READ PREab trrp tex 5
WRITE or WRITE w/ AP (any bank) trTW ns
READ or READ w/ AP (any bank) tcep tek 4
PREab trTP tek 5
PREpb (different bank) 1 tek
ACTIVATE or REFpb / REFp2b (same bank) trrp + RUdrpltok) tox 5,6
READ w/ AP WRITE or WRITE w/ AP (same bank) lllegal
WRITE or WRITE w/ AP (different bank) trRTW ns
READ or READ w/ AP (same bank) lllegal
READ or READ w/ AP (different bank) tccp tek 4
PREpb (same bank) WLmrs + BL/8 + RUtwr/tck) tek 1,2,6
PREpb (different bank) WOM =1, WDM =2, WSM = 3 tck
PREab WLmrs + BL/8 + RUtwr/tck) tek 1,2,6
WRITE or WRITE w/ AP (same bank, w/o Data Mask) W?M/WDM B tCCE’ te 4,8
WSM = MAX [tecp, 3 * tox]
w Ol\\/l/\,”\j\}-ll:-)lill, o | YRITE or WRITE w/ AP (same bank, w Data Mask) V\\//VSOMMLVXA?& thhﬂcﬁxtgigfvﬁmfﬁ] tok 4,8
WSM) WRITE _ WOM/WDM = tegp
or WRITE w/ AP (different bank) WSM = MAX [tecp, 3 * texd tek 4,8
READ w/ AP (same bank) Whmrs + BL/8 + MAXTRUttwr/tcr) tek |1,2,3,56
- trrp » RUtwrR/tcK)]
READ (same bank) WLmrs + BL/8 + RUtwrr/tck) tek 1,2,3,6
READ or READ w/ AP (different bank) WLmrs + BL/8 + RUtwrr/tck) tek 1,2,3,6
PREab WLmrs + BL/8 + RUtwr/tck) tck 1,2,6
PREpb (different bank) WOM =1, WDM =2, WSM = 3 tck
ACTIVATE or REFpb / REFp2b (same bank) WLmrs + BL/8 + WR + RU(trp/tck tek 1,2,6
WRITE w/AP | ACTIVATE or REFpb / REFp2b (different bank) WOM = 1, WDM = 2, WSM = 3 tok
(WOMA, WDMA, "'WRITE or WRITE w/ AP (same bank) lllegal
WSMA) . WOM/WDM = teep
WRITE or WRITE w/ AP (different bank) WSM = MAX [teep 3 * tex] tek 4,8
READ or READ w/ AP (same bank) lllegal
READ or READ w/ AP (different bank) WLmrs + BL/8 + RUtwrr/tck) tek 1,2,3,6
PREpb (any bank) tpPD te
PREpb
PREab tppD tek 7
PREab PREpb (any bank) or PREab tppD tck 7

NOTE :
1) BL = Burst length

2) WLmrs = Write latency
3) tWTR = tWTRS when Bank Groups disabled or WRITE and READ access different bank groups, otherwise tWTR = tWTRL
4) tCCD = tCCDS when bank groups is disabled or the second WRITE or READ is to a different bank group, otherwise tCCD = tCCDL; tCCD and tCCDMW are effective for
both PC mode and 2-channel operation.
5) tRTP = tRTPL when Bank Groups enabled and the PRECHARGE command accesses the same bank, otherwise tRTP = tRTPS
6) RU = round up to next integer
7) PREab is treated as a NOP for a bank when that bank is already idle or in the process of being precharged.
8) WOM / WDM / WSM in the “Minimum Delay between...” column refer to the “From Command”.
9) A command issued during the minimum delay time is illegal.
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7.25 Clock Frequency Change Sequence
Step 1) Wait until all commands have finished, all banks are idle.

Step 2) If the new desired clock frequency is below the min frequency supported by PLL/DLL-on mode, turn the PLL/DLL off via an MRS command.
Similarly, if the new desired clock frequency is above the maximum frequency supported by Low Frequency mode (fck p(max)), turn Low Frequency
mode off via an MRS command. If the new desired clock frequency requires termination, enable the termination before switching to the new frequency if
it is not already enabled.

Step 3) Issue SELF REFRESH ENTRY command on both channels followed by NOP until tcppgp is met.
Step 4) Change the clock frequency and wait until clock is stabilized.

Step 5) Exit Self Refresh and wait for tys.

Step 6) Perform CA training if required.

Step 7) If the new clock frequency is within the PLL/DLL on range and the PLL/DLL on state is desired, enable the PLL/DLL via an MRS Command if it is
not already enabled. Similarly, if the new clock frequency is within the Low Frequency mode range and the use of Low Frequency mode is desired, enable
Low Frequency mode via an MRS command if it is not already enabled. If the new clock frequency does not require termination, it is now safe to disable
termination.

Step 8) Perform WCK2CK training. As defined in the WCK2CK training process, if the PLL/DLL is enabled, then complete steps 8a and 8b:
8a) Reset the PLL/DLL by writing to the MRS register.
8b) Wait t i clock cycles before issuing any commands to the device.

Step 9) Exit WCK2CK training.

Step 10) Perform READ and WRITE training, if required.

Step 11) Device is ready for normal operation after any necessary interface training.

NOTE: Either in Step 2 or Step 7 other Mode Register settings, for example, RLmrs, WLmrs, LP2, LP3 or RDQS mode, etc. that need to change, should
be set for the new frequency before any training and the device is ready for normal operation. Otherwise proper operation cannot be guaranteed.
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7.26 Dynamic Voltage Switching (DVS)

GDDR6 SGRAMSs supporting multiple supply voltages allow the supply voltage to be changed during the course of normal operation using the Dynamic
Voltage Switching (DVS) feature. By using DVS the device’s power consumption can be reduced whenever only a fraction of the maximum available
bandwidth is required by the current work load.

DVS requires the device to be properly placed into self refresh before the voltage is changed from the existing stable voltage, Voyiging to the new desired
voltage Ve, The DVS procedure may also require changes to the VDD Range mode register using MR7 bits OP[9:8], depending on whether the feature

is supported. The DRAM vendor’s datasheet shall be consulted regarding the supported supply voltages for DVS, and any dependencies of AC timing
parameters on the selected supply voltage.

Clock frequency changes can also take place after entering self refresh mode using the standard Clock Frequency Change procedure. A clock frequency
change in conjunction with DVS is required if tck is less than tcxmin supported by Ve In this case normal device operation including self refresh exit is

not guaranteed without a frequency change.

Once self refresh is entered, tcksre Must be met before the supply voltage is allowed to transition from Viginal t0 View- After Vpp and Vppq are stable at
Vhew: tvs must be met to allow for internal voltages in the device to stabilize before self refresh mode may be exited. During the voltage transition the
voltage must not go below Vi, of the lower voltage of either Viginal O Vpey in order to prevent false chip reset. Vi, is the minimum voltage allowed by
Vpp or Vppq in the DC operating conditions table. Vggg shall continue to track Vppq.

DVS Procedure
Step 1) Complete all operations and precharge all banks.

Step 2) Issue MRS commands on both channels to set VDD Range to proper values for V,,o\,. This step is only required when the VDD Range mode reg-
ister field is supported by the device. The DRAM vendor’s datasheet should be consulted to verify if the feature is supported.

Step 3) Enter self refresh mode on both channels. Self refresh entry procedure must be met.

Step 4) Wait required time tcksre before changing voltage to V ey,

Step 5) Change Vpp and Vppq t0 Viey-

Step 6) Wait required time ty,g for voltage stabilization.

Step 7) Exit self refresh. The self refresh exit procedure must be met.

Step 8) Issue MRS commands to adjust mode register settings as desired (e.g., latencies, PLL/DLL on/off, CRC on/off).
Step 9) Perform any interface training as required.

Step 10) Continue normal operation.

I
Voriginal |

VDD, ‘
VDDQ vss |

T0 T1 T2 Ta0 Tb0 Tbl Tb2 Tc0 Tdo
[
|
[

Enter Self Refresh Mode Exit Self Refresh Mode [0 Don't Care

Self refresh exit requires WCK2CK training prior to any WRITE or READ operation
At least one REFRESH command shall be issued after tyg for output driver and termination impedance updates
Voriginal > Vnew Shown as an example of a voltage change

Figure 85. DVS Sequence
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7.27 Temperature Sensor

GDDR6 SGRAMs incorporate a temperature sensor with digital temperature readout function. This function allows the controller to monitor the die’s
junction temperature and use this information to make sure the device is operated within the specified temperature range or to adjust interface timings
relative to temperature changes over time.

The temperature sensor is permanently enabled. The temperature readout uses the DRAM Info mode feature. The digital value is driven asynchronously
on the DQ bus following the MRS command to Mode Register 3 (MR3) that sets bit OP7 to 1 and bit OP6 to 0. The temperature readout will be
continuously driven until an MRS command sets both bits to 0. As an exception to the general conditions for issuing MRS commands, these MRS
commands to enable and disable the temperature sensor readout may optionally be supported while an all-bank refresh is in progress. See Figure 74 in
the REFRESH command section for details.

The device’s junction temperature is linearly encoded as shown in Table 50 and Figure 101. DRAM vendors may restrict the readout to a subset of at least
eight digital codes out of Table 50, corresponding to eight temperature thresholds. The sensor’s accuracy is vendor specific.

[Table 72] Temperature Sensor Readout Pattern

Binary Temperature Readout
Temperature [°C] Decimal Temperature Readout
DQ[7:0]
-40 0 0000 0000
0 20 0001 0100
2 21 0001 0101
4 22 0001 0110
6 23 0001 0111
8 24 0001 1000
120 80 0101 0000
>120 80 0101 0000
Decimal
Read-out
80 4+ — 2 N R R
70 + \ \ \ \ \ \ \
odo — 1 L ~ 1 L
s | | | | | | |
ol - =
\ \ \ \ \ \ \ \
1 | | | | | | |
i I R e i St B R
10T \ \ \ \ \ \ \
0 t t t ; ; ; ; ; >
-40 -20 0 +20 +40 +60 +80 +100 +120 Temperature
°C
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7.28 DUTY CYCLE CORRECTOR (DCC)

As GDDR6 SGRAM can operate with the PLL/DLL off during normal operation, the use of an optional Duty Cycle Corrector (DCC) can correct for the duty
cycle error of the WCK clocks, resulting in improved timing margins for all WCK related timings. The DCC can be enabled at any time prior to or during
WCK related trainings, however, best results cannot be guaranteed unless duty cycle correction has been completed prior to finalizing the relevant

training steps.

DCC operation is controlled by MR7 OP[11:10]. The duty cycle correction is started by setting bit OP10. The DCC must be held in this state for a minimum
duration of tpc. During tpcc all earlier commands must have completed and no new commands may be issued. After tpcc is met, bit OP11 shall be set
to terminate the duty cycle correction and hold the correction code. The DCC may be disabled at any time by resetting bits OP11 and OP10. WK2CK
Training Sequence with DCC shows one example of DCC at the start of WCK2CK training. Table 73 shows the DCC timing parameter.

When in the “hold” state, i.e. MR7 OP[11:10] is set to 11", the DCC correction code will be valid until either the device is taken out of the “hold” state by
programming MR7 OP[11:10] to ‘00’ or ‘01’ or a reset of the device. The correction code is valid for all frequencies less than or equal to the WCK fre-
quency at which the DCC correction code was determined. The optimal DCC correction is only guaranteed at the temperature and voltage at which the

DCC code was determined.

[Table 73] DCC Timings

Parameter

Symbol

Min

Max

Unit

Required time for duty cycle corrector

toce

tCK (or I"IS)
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8. OPERATING CONDITIONS

8.1 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 conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

[Table 74] Absolute Maximum Ratings

PARAMETER SYMBOL MIN MAX UNIT NOTES
Voltage on Vpp relative to Vgg Vpp -0.3 +2.0 \Y 1
Voltage on Vpp(q relative to Vgg Vbba -0.3 +2.0 \Y 1
Voltage on Vpp relative to Vgg Vpp -0.3 +2.3 \ 2
Voltage on any signal relative to Vgg Vins VouTt -0.3 +2.0 \Y
Storage temperature Tste -65 +125 °C

NOTE:
1) Vpp and Vppq must be within 300 mV of each other at all times the device is powered-up, except when the device is in Hibernate Self Refresh with VDDQ Off state.

2) Vpp must be equal or greater than Vpp and Vppq at all times the device is powered-up.

8.2 Pad Capacitances

[Table 75] Silicon Pad Capacitance

PARAMETER ") SYMBOL MIN MAX UNITS NOTES
Delta Input/Output Capacitance: DQs, DBI_n, EDC DCio -0.1 0.1 pF 2
Delta Input Capacitance: CA, CKE_n, CABI_n DCi1 -0.1 0.1 pF 3
Delta Input Capacitance: CK_t, CK_c DCi2 -0.1 0.1 pF 4
Delta Input Capacitance: WCK_t, WCK_c DCi3 -0.1 0.1 pF 5
Input/Output Capacitance: DQs, DBI_n, EDC Cio 0.5 1 pF
Input Capacitance: CA, CKE_n, CABI_n Ci1 0.5 1 pF
Input Capacitance: CK_t, CK_c Ci2 0.5 1 pF
Input Capacitance: WCK_t, WCK_c Ci3 0.5 1 pF

NOTE :

1) This parameter is not subject to production test. It is verified by design and characterization. The silicon pad capacitance is validated by de-embedding the package L & C
parasitics. The capacitance is measured with Vpp, Vppg and Vgg, applied with all other signals floating.

2) DCio = Cio (Max) — Cio (Min).

3) DCi1 = Ci1 (Max) — Ci1 (Min).

4) DCi2 = Absolute value of C CK_t— C CK_c.

5) DCi3 = Absolute value of C WCK_t — C WCK_c.
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8.3 Package Electrical Specification
[Table 76] GDDR6 SGRAM Package Electrical Specifications

PARAMETER") ?) %) SYMBOL MIN MAX UNIT NOTES
Input/Output package impedance: DQs, DBI_n, EDC Zio 44.0 491 Q
Input/Output package delay: DQs, DBI_n, EDC Tdio 20.7 49.3 ps
Input package impedance: CA, CABI_n, CKE_n Z)4 49.7 57.6 Q
Input package delay: CA, CABI_n, CKE_n Tdj4 35.1 65.9 ps
Input package impedance: CK_t, CK_c Z 38.1 39.4 Q
Input package delay: CK_t, CK_c Tdp, 51.3 53.7 ps
Delta input package impedance: CK_t, CK_c DZ, 0.6 - Q 4
Delta input package delay: CK_t, CK_c DTd), 1.4 - ps
Input package impedance: WCK_t, WCK_c Z3 46.7 47.7 Q
Input package delay: WCK_t, WCK_c Tdj3 20.5 23.6 ps
Delta input package impedance: WCK_t, WCK_c DZ5 0.8 0.4 Q
Delta input package delay: WCK_t, WCK_c DTd3 3.1 3.1 ps 7

NOTE :

1) This parameter is not subject to production test. It is verified by design and characterization. The package L & C parasitics are validated using package only samples. The
capacitance is measured with Vpp, Vppq and Vgg shorted with all other signals floating. The inductance is measured with Vpp, Vppg and Vgg shorted and all other signal
balls shorted at the die side (not ball).

2) Package only impedance (Zg) is calculated based on the Lpyg and Cpyq total for a given pin where

Z,g(total per pin) = _’ Lpkg/Cpkg

3) Package only delay (Td,g) is calculated based on Ly and Cpyq total for a given pin where.

Tdpkg(total per pin) a’ Lokg"Cpkg
4) DZ,, = Absolute value of Z|, CK_t - Z, CK_c.
5) DTd), = Absolute value of Td;, CK_t — Td; CK_c.
6) DZ,3 = Absolute value of Zj3 WCK_t — Z;3 WCK_c.
7) DTd,3 = Absolute value of Tdj3 WCK_t — Td;3 WCK_c.
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8.4 Package Thermal Characteristics

[Table 77] Thermal Characteristics

Parameter Description Value 7) Units Notes
Theta_JA Thermal resistance junction to ambient 25.9 °C/W 1,2,3,5
TJ_MAX Maximum operating junction temperature 86.1 °C 4
TC_MAX Maximum operating case temperature 85 °C 4
Theta_JC Thermal resistance from junction to case 1.7 °C/W 1,6
Theta_JB Thermal resistance junction to board 5.2 °C/W 1,2,6

NOTE :

1) Measurement procedures for each parameter must follow standard procedures defined in the current JEDEC JESD-51 standard.
2) Theta_JA and Theta_JB must be measured with the high effective thermal conductivity test board defined in JESD51-7

3) Airflow information must be documented for Theta_JA.

4) TJ_MAX and TC_MAX are documented for normal operation in this table. These are not intended to reflect reliability limits.
5) Theta_JA should only be used for comparing the thermal performance of single packages and not for system related junction temperature prediction.

6) Theta_JB and Theta_JC are derived through a package thermal simulation.
7) Values are guaranteed by design but not tested in production.

8.5 Electrostatic Discharge Sensitivity Characteristics

[Table 78] Electrostatic Discharge Sensitivity Characteristics

PARAMETER ") SYMBOL MIN MAX UNIT NOTES
Human body model (HBM) ESDygMm 1000 - \ 2
Charged-device model (CDM) ESDcpm 250 - \Y 3

NOTE :

1) State-of-the-art basic ESD control measures have to be in place when handling devices.
2) Refer to ESDA / JEDEC Joint Standard JS-001-2014 for measurement procedures.

3) Refer to JS-002-2014 for measurement procedures.

-135

SAMSUNG



K4280325BC

Rev. 1.3

GDDR6 SGRAM

8.6 AC & DC Operating Conditions

Initially, all GDDR6 SGRAMs are designed for 1.35V typical VDDQ voltage supplies. The interface of GDDR6 with 1.35V VDDQ termination will follow the
POD135 Standard (JESD8-21), Class D. GDDR6 SGRAMs can also be designed for 1.25V typical VDDQ voltage supplies. In that case the interface of

GDDR6 with 1.25V VDDQ termination will follow the POD125 Standard (JESD8-30), Class A. GDDR6 SGRAMs can also be designed to support multiple
VDDQ supply voltages, e.g. 1.35V and 1.25V. In that case the interface of GDDRG6 with follow the related POD standard.

Vendor datasheets should be consulted for actual VDD and VDDQ voltages supported by a GDDRG6 device as factors such as process technology and
supported system voltage(s) many require typical operating voltages to be added, dropped or maintained over time.

GDDR6 SGRAMSs can also support the switching of the VDD and VDDQ supply voltages during self refresh. The Dynamic Voltage Switching (DVS) pro-
cedure should be followed when switching between supply voltages. Vendor datasheets should be consulted for details regarding DVS support.

[Table 79] DC Operating Conditions

POD135 POD125
Parameter Symbol Unit | Note
Min Typ Max Min Typ Max
Device supply voltage Vbp 1.3095 1.35 1.3905 1.2125 1.25 1.2875 \% 1,2
Output supply voltage Vbbpa 1.3095 1.35 1.3905 1.2125 1.25 1.2875 1,2
Pump voltage Vpp 1.746 1.8 1.908 1.746 1.8 1.908 \ 2
0.7 * Vppq or 0.7 * Vppq or
VReFD . . V| 34
Reference voltage: DQ and DBI_n pins 0.725 * Vppq 0.725 * Vppq
VREFD2 0.5 * VDDQ 0.5 * VDDQ \ 3,4,5
) VRerc 0.69 * Vppq 0.71*Vppq | 0.69 * VDDQ 071*vbbQ | V 6
Reference voltage: CA pins
Vrercz2 | 049* Vppq 0.51*Vppa | 0.49 *VDDQ 051*vbbQ | V | 67
DC input logic HIGH voltage with Vgggc: CA Vi4a(DC) | VRgge + 0.135 VRerc *+ 0.125 \%
DC input logic LOW voltage with Vgggc: CA V,.a(DC) VRregc - 0.135 VRepc-0.125 | V
DC input logic HIGH voltage with Vrgpco: CA | Viya2(DC) | Vrepc2 + 0.27 VRrerc2 *+ 0.25 \%
DC input logic LOW voltage with Vgggco: CA | VLaa(DC) VRerc2 - 0.27 VRerc2 - 0.25 \Y
DC input logic HIGH voltage with Vrgpp:
DQ and DBI_n Viup(DC) | Vrerp + 0.09 VRerp + 0.085 v
DC input logic LOW voltage with Vgggp:
DQ and DBI_n Vio(DC) Vrerp - 0-09 Vrerp - 0.085 |V
DC input logic HIGH voltage with Vrgppo:
DQ and DBI_n ViHp2(DC) | Vrerp2 * 0.27 Vrerpz + 0.25 v
DC input logic LOW voltage with V, :
DQ and DBI_n REFD2 ViLp2(DC) VRerp2 - 0.27 VRerp2-025| V
RESET_n and Boundary Scan input logic HIGH
voltage; EDC and CA input logic high voltage
\ 0.8*V, 0.8 * VDD \ 8
for x16/x8 mode, PC vs. 2-channel mode, CK IHR pba
and CA ODT select at reset
RESET_n and Boundary Scan input logic LOW
voltage; EDC and CA input logic low voltage for
\Y 0.2*V, 0.2*V, \Y 8
x16/x8 mode, PC vs. 2-channel mode, CK and ILR bba bba
CA ODT select at reset
Input leakage current (any input 0V <= V)\ <= | A
Vppq; all other signals not under test = 0V) L H
Output Leakage Current | A
(outputs are disabled; 0V <= Vot <= Vppa) 0z H
Output logic LOW voltage Voo(DC) 0.56 0.52 \%
Single ended clock input voltage level:
CK_t, CK_c, WCK_t, WCK_c ViN -0.30 Vppg + 0.30 -0.30 Vppq + 0.30 13
Clock input mid-point voltage: CK_t, CK_c Vmp(DC) | Vrepc - 0.10 Vregc +0.10 | VRgpc - 0.10 Vgrerc + 0.10 \% 9,12
Clock input differential voltage: CK_t, CK_c Vipck(DC) 0.198 0.18 vV (10,12
Clock input differential voltage: WCK_t, WCK_c |V|pwck(DC), 0.18 0.165 Vv o |11,14
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NOTE :
1) GDDR6 SGRAMs are designed to tolerate PCB designs with separate Vpp and Vppq power regulators.

2) DC bandwidth is limited to 20 MHz.

3) AC noise in the system is estimated at 50mV pk-pk for the purpose of DRAM design.

4) The reference voltage for DQ and DBI_n pins are generated internally, and its values are determined by the Half VREFD and VREFD Level mode register bits. The typical
VRerp level depends on the selected data termination value (48 Ohm or 60 Ohm); see Mode Register 6 (MR6) for details.

5) Programmable VREFD levels are not supported with Vrggpo.

6) The reference voltage source (external or internal) is determined at power-up; the reference voltage level is determined by Half VREFC and the VREFC Offset mode register
bits.

7) Programmable VREFC offsets are not supported with Vrerco.

8) Viur and V| r apply to boundary scan input pins TDI, TMS and TCK. V|yr and V| g apply to EDC and CA inputs at reset when latching default device configurations. V|yr
and V| R also apply to CA, CABI_n, CKE_n, CK, DQ, DBI_n, EDC and WCK inputs when boundary scan mode is active and input data are latched in the Capture-DR TAP
controller state. While instructions EXTEST, CLAMP, HIGH-Z are activated, all ODT will be disabled. It is not necessary for the termination to be calibrated.

9) This provides a minimum of 0.845 V to a maximum of 1.045 V with POD 135, and a minimum of 0.775 V to a maximum of 0.975 V with POD125, and is normally 70% of
Vppq- DRAM timings relative to CK_t cannot be guaranteed if these limits are exceeded.

10) V|pck is the magnitude of the difference between the input level in CK_t and the input level on CK_c. The input reference level for signals other than CK_t and CK_c is
VREFC-

11) Vipwck is the magnitude of the difference between the input level in WCK_t and the input level on WCK_c. The input reference level for signals other than WCK_t and
WCK_c is either Vrerc, VRerc2: VReFD OF VREFD2-

12) The CK_t and CK_c input reference level (for timing referenced to CK_t and CK_c) is the point at which CK_t and CK_c cross. Please refer to the applicable timings in the
AC Timings table.

13) Use V,Hg and V) g when boundary scan mode is active and input data are latched in the Capture-DR TAP controller state.

14) The WCK_t and WCK_c input reference level (for timing referenced to WCK_t and WCK_c) is the point at which WCK_t and WCK_c cross. Please refer to the applicable
timings in the AC Timings table.
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[Table 80] AC Operating Conditions (For Design only'!)

POD135 POD125
Parameter Symbol Unit Note
Min Typ Max Min Typ Max
AC input logic HIGH voltage with VREFC: CA V|HA(AC) VREFC +0.18 VREFC +0.165 \
AC input logic LOW voltage with Vggpc: CA ViLa(AC) VRerc - 0.18 VRerc - 0.165 \
AC input logic HIGH voltage with Vrggco: CA ViHa2(AC) | Vgerc + 0.36 VRerc + 0.333 \%
AC input logic LOW voltage with Vrgpco: CA ViLa2(AC) VRerc - 0.36 VRerc - 0.333 \
ég igr;])(LjJtDl%%ﬁ:nHlGH voltage with Vrgep: Vio(AC) | Veerp + 0.135 Virerp + 0.125 v
AC input logic LOW voltage with VREFD: DQ and DBI_n V||_D(AC) VREFD -0.135 VREFD -0.125 \%
S(Q) igr[])gttl)%glgi_anlGH voltage with Vrgppo: VirpaAC) | Vrerpz + 0.36 Vrerpz + 0.333 v
88 igr;])(LjJtDIoBgl;E:nLOW voltage with Vrgppo: VLp2(AC) VRerns - 0.36 Vrerns - 0.333 v
Clock input differential voltage: CK_t, CK_c Vipck(AC) 0.36 0.333 \ 1,3,5
Clock input differential voltage: WCK_t, WCK_c Vipwck(AC) 0.27 0.25 1,4,6
Clock input crossing point voltage; CK_t, CK_c Vixck(AC) | Vregc - 0.108 Vgrerc + 0.108 | Vggpc - 0.10 VRrerc + 0.10 \Y 1,2,5
Clock input crossing point voltage: WCK_t, WCK_c Vixwck(AC)| Vgerp - 0.09 Vrerp +0.09 | VRrerp - 0.09 Vgerp + 0.09 \% 1,2,6,7
Allowed time before ring back of CK/WCK below
t 8,9,10

Viock(AC)Vipwck(AC) DVAC ps v

NOTE :

1) For AC operations, all DC clock requirements must be satisfied as well.
2) The value of V|xck and Vixwck is expected to equal 70% Vppq for the transmitting device and must track variations in the DC level of the same.
3) Vipck is the magnitude of the difference between the input level in CK_t and the input level on CK_c. The input reference level for signals other than CK_t and CK_c is

VRerc-

4) Vipwek is the magnitude of the difference between the input level in WCK_t and the input level on WCK_c. The input reference level for signals other than WCK_t and

WCK_c is either Vregrc, VrRerc2: VREFD OF VREFD2-

5) The CK_t and CK_c input reference level (for timing referenced to CK_t and CK_c) is the point at which CK_t and CK_c cross. Please refer to the applicable timings in the

AC Timings table.

6) The WCK_t and WCK_c input reference level (for timing referenced to WCK_t and WCK_c) is the point at which WCK_t and WCK_c cross. Please refer to the applicable tim-

ings in the AC Timings table.
7) Vrerp Is either Vrepp or Vrerpz

8) Figure 87 illustrates the exact relationship between (CK_t - CK_c) or (WCK_t - WCK_c) and V|p(AC), V|p(DC) and tpyac.

9) Ring back below V|5(DC) is not allowed.

10) tpyac is not measured in and of itself as a compliance specification, but is relied upon in measurement of clock operating conditions and clock related parameters.
11) The AC Operating conditions are for DRAM design only and are valid on the silicon at the input of the receiver. They are not intended to be measured.
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— VDDQ
VOH
System Noise Margin (Power/Ground,
Crosstalk, Signal Integrity Attenuation)
— - V — VIH (AQ)
—_ - — VIH (DC)
— [ €—VREF + AC Noise
.. . [$—VREE + DC Noise
o [€—VREF- DC Noise
_ [ €—VREF - DC Noise
—_ - — VIL (DC)
_ —_ - A — Vss
N N "1 4= VIN (AC) - Provides margin
SN 4 between VOL (MAX) and
TN VIL (AC)
>
VOL (MAX)
Note: VREF, VIH, VIL refer to
whichever VREFx (VREFD or
VREEFC) is being used.

Output Input

Figure 86. Voltage Waveform
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. — — Maximum Clock Level
_______ a
VMP (DC) VID (DC)
VIX(AC) VID (AC)
________ ) 4
4 - - - - - - - e === - — Minimum Clock Level

Vib (Ac) MIN

Vip (0o MIN

half cycle

y

-VipooymiNn) -\ ]

-VouaomN) oo\

Differential Input Voltage (i.e., WCK_t - WCK_c, CK - CK _¢)

tDVAC

v

|
|
|
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1

time_

Figure 88. Definition of differential ac-swing and “time above ac-level” tpyac
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8.7 POD I/0 System

The POD I/O system is optimized for small systems with very high data rates. The system allows a single Master device to control one or two slaves in the
case of GDDR6. The POD driver uses either a 60/40 Ohm output impedance that drives into a 60 Ohm equivalent terminator tied to Vppq or a 48/40 Ohm

output impedance that drives into a 48 Ohm equivalent terminator tied to Vppq. Single and dual load systems are shown as follows:

VDDQ
120 Ohm
40/60 Ohm,
VDDQ
Data Bit or CA 60 Ohm
40/60 Ohm

1 Slave

Figure 89. System Configurations

100nm| 2 Slaves

The POD Master 1/O cell is comprised of a 60/40 Ohm driver and a terminator of 60 Ohms or a 48/40 Ohm driver and a terminator of 48 Ohms. The

Master POD cell's terminator is disabled when the output driver is enabled. The basic cell is shown in Figure 90.

VDDQ

Output Data
Output Enable

7

60 Ohm (or 48 Ohm) Terminator

Enabled when receiving

«

VSS

DQ

60 Ohm (or 48 Ohm) pull-up and 40 Ohm pull-down

when transmitting

Figure 90. Master 1/0O Cell
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The POD Slave I/O cell is comprised of a 60/40 ohm driver and programmable terminator of 60 or 120 ohms for GDDR6 or a 48/40 ohm driver and
programmable terminator of 48 or 120 ohms for GDDR6. The Slave POD cell's terminator is disabled when the output driver is enabled or any other Slave
output driver is enabled. The basic cell is shown in Figure 91.

VDDQ

60 Ohm (or 48 Ohm) Terminator
Enabled when receiving

Output Data
Output Enable

Read to other Slave

el

DQ

VSS 60 Ohm (or 48 Ohm) pull-up and 40 Ohm pull-down
when transmitting

Figure 91. Slave 1/O Cell

The POD Master and Slave I/O cells are intended to have their driver and terminators combined together to minimize the area needed to implement the
cell and reduce input capacitance. For GDDRG this is possible by using three 120 Ohm driver/terminator sub cells that are connected in parallel to result
in a 60/40 ohm driver and programmable terminator of 60 or 120 ohms. The combinations used are as follows.

[Table 81] POD 1/O Sub Cells, 120 ohm Based

# of 120 ohm Sub Cells Enabled Resulting Impedance Use
1 120 Ohms 2 Slave loads
2 60 Ohms 1 Slave load or Master terminator
3 40 Ohms Master or Slave Driver

To ensure that the target impedance is achieved the POD 1/O cell is designed to be calibrated to an external 1% precision resistor.
The following procedure may be used to calibrate the cell:

1.) First calibrate the PMOS device against a 120 Ohm resister to VSS via the ZQ pin as illustrated in Figure 92.
+ Set Strength Control to minimum setting
+ Increase drive strength until comparator detects data bit is greater than Vppa/2
* PMOS device is calibrated to 120 Ohms
2.) Then calibrate the NMOS device against the calibrated 120 Ohm PMOS device as illustrate in Figure 93.
+ Set Strength Control to minimum setting
* Increase drive strength until comparator detects data bit is less than Vppq/2
* NMOS device is now calibrated to 120 Ohms
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VDDQ

Strength control [2:0] ﬁ;{
3

Comparator
120 Ohms
Match
—— VDDQ/2
VSS
When Match PMOS leg is calibrated to 120 ohms
Figure 92. PMOS Calibration
VDDQ

Calibrated PMOS Strength / c‘
3

Comparator

Match
~N.——— VDDQ/2
Strength control [2:0]+|:
3

VSS

Figure 93. NMOS Calibration
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8.8 IDD and IPP Parameters And Test Conditions

This chapter defines IDD and IPP measurement conditions and patterns. Figure 94 shows the setup for IDD and IPP measurements.

IDD currents are measured as time-averaged currents, with all Vpp balls of the device under test tied together. IPP currents are not included in IDD

currents.

IPP currents are measured as time-averaged currents with all Vpp balls of the device under test tied together. IDD currents are not included in IPP

currents:

For IDD and IPP measurements, the following definitions apply:

“0” and “LOW” is defined as VIN <= VILAC(max);

“1” and “HIGH” is defined as VIN >= VIHAC(min);

CABI and DBI are enabled;

All ODTs are enabled with ZQ/2 for Data, CA and WCK inputs;
WLmrs, RLmrs, RAS, WR are set to appropriate values;

CRC is enabled for READs and WRITEs with appropriate CRCWL and CRCRL settings;
the EDC hold pattern is programmed t0’'0101’;

Bank groups are enabled if required for device operation at tck(min);
Command Address (CA) inputs include CABI_n;

Each data byte consists of eight DQs and one DBI_n;

NOP with all CA inputs pulled HIGH during idle command cycles;

Data pattern (one burst of 16) used with IDD1, IDD4R, IDD4W and IDD7 pattern:
- DATAO is 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh
- DATA1 is 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h

Basic IDD and IPP Measurement Conditions including timings used for IDD Measurement-Loop Patterns are described in Table 82.
IDD Measurements are done after properly initializing the device. This includes the pre-load of the memory array with data pattern used with IDD1,

IDD4R and IDD7 measurements.

The IDD and IPP Measurement-Loop patterns shall be executed at least once before actual measurement is started.

The measurements should be first taken with the device configured to x16 mode first and the x8 mode (2 separate measurements)

Measurements are taken per device with the same IDD Measurement-Loop Patterns on both channels
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IiD ITQ If
VbD VDDQ Vrp
O0—RESET_n
o—CK t,CK ¢
o—WCK_t,WCK_c
O0—CKE_n
o— CAJ[10:0]
0—CABI n DQ,[ 60 Ohms
DBLn, |—{1—oVbno
EDC
GDDR6 SGRAM
o—VREFC
o—tZQ

NOTE :

1) CA10 is only present in 24Gb and 32Gb densities.

u}*__gg

Figure 94. Measurement Setup for IDD and IPP Measurements
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[Table 82] IDD Specifications and Test Conditions @ VDD&VDDQ=1.35V+0.0405V for 12/14/16/18Gbps
x32 Mode
Parameter SY'YI_BO Test Condition Unit | NOTES
HC12 | HC14 | HC16 | HC18
IDDO tCK = tCK(min); tWCK = tWCK(min); tRC = tRC(min); CKE_n =LOW; 404 430 452 TBD mA 1
One Bank Activate DQ, DBI_n are HIGH; bank and row addresses (5 CA inputs set
Precharge Current IPP0o | LOW) as defined in Table 86 with ACT command; AC timings as 14 14 15 TBD mA 1,2
defined in Table 91
tok = tek (Min); twek = twek(min);
trc = tre(min); CKE_n = LOW; one bank activated; single read
One Bank Activate burst with 50% data toggle on each data transfer, with 4 outputs per
Read Precharge IDD1 | data byte driven LOW; otherwise DQ, DBI_n are HIGH; bank, row 485 520 545 | TBD mA 1
Current and column addresses (5 CA inputs set LOW) as defined in Table
87 with ACT and READ commands; AC timings as defined in Table
91, IOUT =0mA
Precharge Power- tek = tek (Min); twek = twek(min); all banks idle;
down Current IDD2P CKE_n = HIGH; all other inputs are HIGH; PLL/DLLs are off 210 230 248 TBD mA
Precharge Standby tek = tek (Min); twek = twek(min); all banks idle;
Current IDD2N CKE_n = LOW,; all other inputs are HIGH 299 310 827 | TBD mA
Active Power-down tck = tek (min); twek = twek(min); one bank active;
Current IDD3P CKE_n = HIGH; all other inputs are HIGH 253 260 27 TBD mA
Active Standby IDD3N | ¢ = toy (Min); twek = twek(min); one bank active; 422 | 460 | 477 | TBD | mA
Current IPP3N | CKE_n = LOW; all other inputs are HIGH 10 10 10 TBD mA 1,2
tck = tek (min); twek = twek(min); CKE_n = LOW; one bank in each
of the 4 bank groups activated; continuous read burst across bank
groups with 50% data toggle on each data transfer, with 4 outputs
Read Burst Current | IDD4R per data byte driven LOW as defined in Table 88; bank and column 1083 | 1220 | 1292 | TBD mA
addresses (5 CA inputs set LOW) as defined in Table 88; with
READ command; oyt = OmA
tek = tek (Min); twek = twek(min); CKE_n = LOW; one bank in each
of the 4 bank groups activated; continuous write burst across bank
. groups with 50% data toggle on each data transfer, with 4 inputs per
Write Burst Current | IDD4W data byte set LOW; as defined in Table 89; bank and column 1242 | 1470 | 1511 | TBD mA
addresses (5 CA inputs set LOW) as defined in Table 89; with
WRITE command; no data mask
IDD5 tCK = tCK (mln), tWCK = tWCK(min); tRFCab = tRFCab(min) as defined 723 790 830 TBD mA 1
Refresh Current in Table 91; CKE_n = LOW; DQ, DBI_n are HIGH; CA inputs are
IPP5 | HiGH 68 77 85 TBD mA 1,2
Self Refresh Current| IDD6 | CKE_n= HIGH; all other inputs are HIGH 150 150 150 TBD mA
IDD7 | tck = tek(min); twek = twek(min); CKE_n = LOW; 1390 | 1640 | 1679 | TBD mA
one bank in each of the 4 bank groups activated and precharged at
trc(min); continuous read burst across bank groups with 50% data
Four Bank Interleave . .
Read Current PP7 toggle on each data transfer, with 4 outputs per data byte driven 7 31 35 8D A 10
LOW as defined in Table 90; bank, row and column addresses (5 m J
CA inputs set LOW) as defined in Table 90; with ACT and READ/
READA commands; Igyt = OmA

NOTE :

1) Min tgc or trecap for IDD measurements is the smallest multiple of tck that meets the minimum of the absolute value for the respective parameter.
2) IPP currents have the same definition as IDD except that the current on the VPP supply is measured. IPPO test and limit is applicable for IDDO and IDD1 conditions. IPP3N
test and limit is applicable for all IDD2X, IDD3X, IDD4X and IDD6 conditions.
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[Table 83] IDD Specifications and Test Conditions @ VDD&VDDQ=1.35V+0.0405V for 12/14/16Gbps
x16 Mode
Parameter SYTBO Test Condition Unit |[NOTES
HC12 | HC14 | HC16 | HC18
IDDO | tck = tek(min); twek = twek(min); tre = tre(min); CKE_n = LOW; 337 357 376 | TBD mA 1
One Bank Activate DQ, DBI_n are HIGH; bank and row addresses (5 CA inputs set
Precharge Current IpPo | LOW) as defined in Table 86 with ACT command; AC timings as 14 14 15 TBD mA 1,2
defined in Table 91
tck = tok (Min); twek = twek(min);
trc = trc(min); CKE_n = LOW; one bank activated; single read burst
One Bank Activate with 50% data toggle on each data transfer, with 4 outputs per data
Read Precharge IDD1 | byte driven LOW; otherwise DQ, DBI_n are HIGH; bank, row and 379 408 425 | TBD mA 1
Current column addresses (5 CA inputs set LOW) as defined in Table 87 with
ACT and READ commands; AC timings as defined in Table 91; IgyT
=0mA
Precharge Power- tok = tok (min); twek = twek(min); all banks idle;
down Current IDD2P | SKE 1 = HIGH: all other inputs are HIGH; PLL/DLLS are off 193 | 200 | 204 | TBD | mA
Precharge Standby tok = tok (min); twek = twek(min); all banks idle;
Current IDD2N CKE_n = LOW; all other inputs are HIGH 262 276 284 8D mA
Active Power-down tek = tek (min); twek = twek(min); one bank active;
Current IDD3P | SKE 1 = HIGH: all other inputs are HIGH 216 | 222 | 226 | TBD | mA
Active Standby IDD3N |t = tek (Min): twek = twek(min); one bank active; 339 | 362 | 374 | TBD | mA
Current iPP3N | CKE_n = LOW; all other inputs are HIGH 10 10 10 TBD mA 1,2
tek = tek (min); twek = twek(min); CKE_n = LOW; one bank in each
of the 4 bank groups activated; continuous read burst across bank
groups with 50% data toggle on each data transfer, with 4 outputs
Read Burst Current | IDD4R per data byte driven LOW as defined in Table 88; bank and column 726 817 864 | TBD mA
addresses (5 CA inputs set LOW) as defined in Table 88; with READ
command; loyt = OmA
tek = tek (min); twek = twek(min); CKE_n = LOW; one bank in each
of the 4 bank groups activated; continuous write burst across bank
. groups with 50% data toggle on each data transfer, with 4 inputs per
Write Burst Current | IDD4W data byte set LOW; as defined in Table 89; bank and column 1016 | 1197 | 1223 | TBD mA
addresses (5 CA inputs set LOW) as defined in Table 89; with
WRITE command; no data mask
Refresh Current IDD5 | toy = tey (Min); twek = twek(mMin); trecap = trrcap(Min) as definedin| 643 | 703 | 737 | TBD | mA | 1
Ipp5 | Table 91; CKE_n =LOW; DQ, DBI_n are HIGH; CA inputs are HIGH| g 77 85 | TBD mA 1,2
Self Refresh Current | IDD6 | CKE_n= HIGH; all other inputs are HIGH 147 146 146 | TBD mA
IDD7 | tck = tek(min); twek = twek(min); CKE_n = LOW; 911 | 1073 | 1098 | TBD mA
one bank in each of the 4 bank groups activated and precharged at
trc(min); continuous read burst across bank groups with 50% data
Four Bank Interleave . .
Read Current toggle on each data transfer, with 4 outputs per data byte driven
IPP7 | LOW as defined in Table 90; bank, row and column addresses (5 CA | 27 31 35 | TBD mA 1,2
inputs set LOW) as defined in Table 90; with ACT and READ/READA
commands; loyt = OmA
NOTE :
1) Min tgc or trrcap for IDD measurements is the smallest multiple of tck that meets the minimum of the absolute value for the respective parameter.
2) IPP currents have the same definition as IDD except that the current on the VPP supply is measured. IPPO test and limit is applicable for IDDO and IDD1 conditions. IPP3N

test and limit is applicable for all IDD2X, IDD3X, IDD4X and IDD6 conditions.
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Table 84] IDD Specifications and Test Conditions @ VDD&VDDQ=1.25V+0.0375V for 10/12/14Gbps
[ p P
x32 Mode
Parameter SYMBOL Test Condition Unit |NOTES
HC12 | HC14 | HC16
IDDO tCK = tCK(min); tWCK = tWCK(min); tRC = tRC(min); CKE_n = LOW, DQ, 308 350 404 mA 1
One Bank Activate DBI_n are HIGH; bank and row addresses (5 CA inputs set LOW) as
Precharge Current |IPPo | defined in Table 86 with ACT command; AC timings as defined in Table 14 14 15 mA 1,2
91
tek = tek (Min); twek = twek(min); . _
One Bank Activate tRC = tFiC(mm), CKE_n = LOW; one bank actl\{ated, single read burst
Read Precharae IDD1 with 50% data toggle on each data transfer, with 4 outputs per data byte 364 420 475 mA 1
Current 9 driven LOW; otherwise DQ, DBI_n are HIGH; bank, row and column
addresses (5 CA inputs set LOW) as defined in Table 87 with ACT and
READ commands; AC timings as defined in Table 91; Igyt = OmA
Precharge Power- tek = tok (Min); twek = twek(min); all banks idle;
down Current IDD2P CKE_n = HIGH; all other inputs are HIGH; PLL/DLLs are off 170 190 224 mA
Precharge Standby tck = tek (min); twek = twek(min); all banks idle;
Current IDD2N CKE_n = LOW; all other inputs are HIGH 224 250 293 mA
Active Power-down tek = tok (Min); twek = twek(min); one bank active;
Current IDD3P CKE_n = HIGH; all other inputs are HIGH 192 220 245 mA
Active Standby IDD3N |t =tk (Min); tyek = twek(min); one bank active; 324 380 422 mA
Current IPP3N | CKE_n = LOW; all other inputs are HIGH 10 10 10 mA 1,2
tek = tek (Min); twek = twek(min); CKE_n = LOW; one bank in each of
the 4 bank groups activated; continuous read burst across bank groups
with 50% data toggle on each data transfer, with 4 outputs per data byte
Read Burst Current IDD4R driven LOW as defined in Table 88; bank and column addresses (5 CA 839 990 123 mA
inputs set LOW) as defined in Table 88; with READ command; | =
ouT
O0mA
tok = tek (min); twek = twek(min); CKE_n = LOW; one bank in each of
the 4 bank groups activated; continuous write burst across bank groups
. with 50% data toggle on each data transfer, with 4 inputs per data byte
Write Burst Current IDD4w set LOW; as defined in Table 89; bank and column addresses (5 CA 947 1180 | 1307 mA
inputs set LOW) as defined in Table 89; with WRITE command; no data
p
mask
Refresh Current IDD5 | toy = tok (Min); twek = twek(Min); trecap = trrcan(min) as defined in 563 | 650 | 698 | mA 1
|PP5 | Table 91; CKE_n = LOW; DQ, DBI_n are HIGH; CA inputs are HIGH 65 68 77 mA 1,2
Self Refresh Current IDD6 | CKE_n= HIGH; all other inputs are HIGH 140 140 140 mA
IDD7 | tek = tek(min); twek = twek(min); CKE_n = LOW; 1071 | 1320 | 1451 mA
one bank in each of the 4 bank groups activated and precharged at
9 9
trc(min); continuous read burst across bank groups with 50% data
Four Bank Interleave . .
Read Current toggle on each data transfer, with 4 outputs per data byte driven LOW as
IPP7 | defined in Table 90; bank, row and column addresses (5 CA inputs set 25 27 31 mA 1,2
LOW) as defined in Table 90; with ACT and READ/READA commands;
IOUT =0mA

NOTE :

1) Min tgc or trrcap for IDD measurements is the smallest multiple of tck that meets the minimum of the absolute value for the respective parameter.

2) IPP currents have the same definition as IDD except that the current on the VPP supply is measured. IPPO test and limit is applicable for IDDO and IDD1 conditions.
test and limit is applicable for all IDD2X, IDD3X, IDD4X and IDD6 conditions.
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[Table 85] IDD Specifications and Test Conditions @ VDD&VDDQ=1.25V+0.0375V for 10/12/14Gbps
x16 Mode
Parameter SYTBO Test Condition Unit NOSTE
HC12 | HC14 | HC16
IDDO | tek = tek(min); twek = twek(min); tre = tre(min); CKE_n = LOW; DQ, 257 314 335 mA 1
One Bank Activate DBI_n are HIGH; bank and row addresses (5 CA inputs set LOW) as
Precharge Current Ippo | defined in Table 86 with ACT command; AC timings as defined in Table 14 14 15 mA 1,2
91
tek = tok (Min); twek = twek(min); _ _
One Bank Activate tR.C = t,:éc(mln), CKE_n = LOW; one bank actlyated, single read burst
Read Precharge IDD1 with 50% data toggle on each data transfer, with 4 outputs per data byte 284 349 372 mA 1
Current driven LOW; otherwise DQ, DBI_n are HIGH; bank, row and column
addresses (5 CA inputs set LOW) as defined in Table 87 with ACT and
READ commands; AC timings as defined in Table 91; Iyt = OmA
Precharge Power- tek = tek (Min); twek = twek(min); all banks idle;
down Current IDD2P CKE_n = HIGH,; all other inputs are HIGH; PLL/DLLs are off 141 179 176 mA
Precharge Standby tck = tek (min); twek = twek(min); all banks idle;
Current IDD2N | KE n = LOW: all other inputs are HIGH 196 243 254 mA
Active Power-down tck = tek (Min); twek = twek(min); one bank active;
Current IDD3P CKE_n = HIGH,; all other inputs are HIGH 164 200 205 mA
Active Standby IDD3N |t = toy (Min); tyek = twok(min); one bank active; 261 314 332 mA
Current IPP3N | CKE_n = LOW,; all other inputs are HIGH 10 10 10 mA 1,2
tok = tok (min); twek = twek(min); CKE_n = LOW; one bank in each of
the 4 bank groups activated; continuous read burst across bank groups
with 50% data toggle on each data transfer, with 4 outputs per data byte
Read Burst Current IDD4R driven LOW as defined in Table 88; bank and column addresses (5 CA 562 663 752 mA
inputs set LOW) as defined in Table 88; with READ command; oyt =
OmA
tek = tek (min); twek = twek(min); CKE_n = LOW; one bank in each of
the 4 bank groups activated; continuous write burst across bank groups
. with 50% data toggle on each data transfer, with 4 inputs per data byte
Write Burst Current IDDaw set LOW; as defined in Table 89; bank and column addresses (5 CA 775 965 1064 mA
inputs set LOW) as defined in Table 89; with WRITE command; no data
mask
Refresh Current IDDS 1ty = tek (min); twek = twck(Min); trrcab = tRrcan(min) as defined in 500 591 621 mA !
ipp5 | Table 91; CKE_n = LOW; DQ, DBI_n are HIGH; CA inputs are HIGH 65 68 77 mA 1,2
Self Refresh Current IDD6 | CKE_n= HIGH,; all other inputs are HIGH 137 137 137 mA
IDD7 | tok = tek(min); twek = twek(min); CKE_n = LOW; 702 865 949 mA
one bank in each of the 4 bank groups activated and precharged at
trc(min); continuous read burst across bank groups with 50% data
Four Bank Interleave . .
Read Current toggle on each data transfer, with 4 outputs per data byte driven LOW
IPP7 | as defined in Table 90; bank, row and column addresses (5 CA inputs 25 27 31 mA | 1,2
set LOW) as defined in Table 90; with ACT and READ/READA
commands; loyt = 0OmA

NOTE :

1) Min tgc or trrcap for IDD measurements is the smallest multiple of tck that meets the minimum of the absolute value for the respective parameter.

2) IPP currents have the same definition as IDD except that the current on the VPP supply is measured. IPPO test and limit is applicable for IDDO and IDD1 conditions. IPP3N
test and limit is applicable for all IDD2X, IDD3X, IDD4X and IDD6 conditions.
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[Table 86] IDD0 Measurement-Loop Pattern

Sub- Cycle Command | Clock |CA10| CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 | CAOD | CABI_n Data
Loop | Number
Rising L H L H H H H H L L L L
0 ACT Falling H L L H H H H H H L L H B
1 NOP Rising H H H H H H H H H H H H B
Falling H H H H H H H H H H H H
0 repeat NOP until cycle (NRAS -1)
Rising H H L L L L L H H H H H
nRAS PRE Falling H L L H H H H H H H H H B
Rising H H H H H H H H H H H H
NRAS +1 NOP Falling H H H H H H H H H H H H B
repeat NOP until cycle (nRC -1)
1 nRC repeat sub-loop 0 pattern until cycle (2* nRC -1); use BA = 03h and RA = 03C7h instead
2 2* nRC repeat sub-loop 0 pattern until cycle (3* nRC -1); use BA = 04h and RA = 07C7h instead
3 3*nRC repeat sub-loop 0 pattern until cycle (4* nRC -1); use BA = 07h and RA = 01C7h instead
NOTE :

1) IDD test data & command pattern is vendor specific. Users should refer to vendor's GDDR6 datasheet.

[Table 87] IDD1 Measurement-Loop Pattern

fggl; noYele | Command | Clock |CA10| CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 | CAO | CABIn | Data
Rising L H L H H H H H L L L L
0 ACT Falling H L L H H H H H H L L H B
1 NOP Rising H H H H H H H H H H H H B
Falling H H H H H H H H H H H H
repeat pattern until cycle (nRCDRD -1
Rising H L L H H H H L L H H L
nRCDRD READ Falling H H L H H L H L L H H L DATAO
0 [nRCDRD+ NOP Rising H H H H H H H H H H H H B
1 Falling H H H H H H H H H H H H
repeat pattern until cycle (nRAS -1)
Rising H H L L L L L H H H H H
nRAS PRE Falling H L L H H H H H H H H H B
Rising H H H H H H H H H H H H
NRAS +1 NOP Falling H H H H H H H H H H H H B
repeat pattern until cycle (nRC -1)
1 nRC repeat sub-loop 0 pattern until cycle (2* nRC -1); use BA = 03h, RA = 03C7h, CA = 23h and DATA1 instead
2 2*nRC repeat sub-loop 0 pattern until cycle (3* nRC -1); use BA = 04h, RA = 07C7h, CA = 4Ch and DATAQO instead
3 3*nRC repeat sub-loop 0 pattern until cycle (4* nRC -1); use BA = 07h, RA = 01C7h, CA = 23h and DATAT instead
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[Table 88] IDD4R Measurement-Loop Pattern

Sub- | Cycle | o nd| Clock |CA10| CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 | CAO | CABILn | Data
Loop | Number
Rsng | H | H | H | H | LT[ L[| L |H[HIL]L H
0 READ g H TH [ C [ H T H | LT[ H L[ LT HTH C DATAO
1 op | Rsing [ H [ R [ H [ H [ A | H | H | H|H|H|H H -
Faling T H T H [ H [ H | H [ H [ H [ H | H [ HH H
Rsng | H [ H [ H L[ T [ HTH[ LT[ L H]H H
2 READ g T H T H [T [ H T H [ T [ H LT[ HTLTH C DATAT
3 op | Rsng | H [ A [ W [ H | A | H | A | H | H | H|H H .
. Faling | H | H [ H [ H [ H [ H [ H [ H | H [ HH H
Rsng | H [ H [ H T LT[ H [ LT[ L[ H[HTL]TL H
4 READ g H T H T [ H T H | T [ H | T T [ HH C DATAO
5 op | Rsing [ H [ H [ W [ H [ A | H | H | H|H|H|H H -
Faling T H T H [ H [ H T H | H [ H I H [ HHH H
Rsng | H | H [ H T | H [ H T H | LT[ T H]H H
6 READ g TH T H [ C [ H T H | T [ H L[ HLTH C DATA1
. op | Rsing [ H [ R [ H [ H [ A | H | H | H|H|H|H H -
Faling [ H | H | H [ H | H [ H [ H [ H | H [ H H H

[Table 89] IDD4W Measurement-Loop Pattern

Sub- | Cycle | o nd| Clock |CA10| CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 | CAO | CABILn| Data
Loop | Number
Rsng | H | H | H | H | LT[ L[| LT[ H[HL]L H
0 WRITE ing T H T H T H I H [ H L H|[ LT[ LT H]H C DATAO
1 op | Rsing [ H [ R [ W [ H [ A | H | H | H|H|H|H H -
Faling [ H | H | H [ H | H [ H [ H [ H | H [ HH H
Rsng | H [ H [ H L[ T [ H T H[ LT[ L H]H H
2 WRITE g TH H T H T H | H T H[ LT[ H[L]H C DATA1
" op | RSng | A [ W [ A [ H [ H | H | H | H | A [H A H -
. Faling | H | H [ H [ H | H [ H [ H [ H | H | HH H
Rsng | H [ H [ H T L[ H [ L[ L[ H[HTL]TL H
4 WRITE g T H T H T H | H [ H [ T [ H | T T HH C DATAO
5 op | Rsing [ H [ W [ W [ H [ A | H | H | H|H|H|H H -
Faling T H T H [ H [ H T H [ H [ H [ H | H I HH H
Rsng | H | H [ H T [ H [ H T H | T LT H]H H
6 WRITE g T H T H T H T H | H LT H| LT[ H|L]H C DATA1
. op | Rsing [ H [ R [ W [ H [ A | H | H | H|H|H|H H -
Faling [ H | H | H [ H | H [ H [ H [ H | H [ HH H
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[Table 90] IDD7 Measurement-Loop Pattern

Sub-

Data

DATAO

DATA1

DATAO

DATA1

DATAO

DATA1

DATAO

DATA1

DATAO

DATA1

DATAO

CAO0 | CABI_n

CA10| CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1

H
H
H
H
H
H
H
H
H
H
H
H
H
H

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

H
m
™
H
m
H
H
m
™
H
m

Clock

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Command

ACT

READ

NOP

READ

NOP

READ

NOP

READ

NOP

READ

NOP

READ

ACT

READA

NOP

READ

NOP

READ

NOP

READ

ACT

READ

NOP

Cycle

1

3

5

7

9

10

1

12

13

14

15

16

17

18

19

20

21

22

Loop | Number
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[Table 90] IDD7 Measurement-Loop Pattern

Data

DATA1

DATAO

DATA1

DATAO

DATA1

DATAO

DATA1

DATAO

DATA1

DATAO

DATA1

DATAO

CAO0 | CABI_n

CA10| CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1

H
H
H
H
H
H
H
H
H
H
H
H
H
H

H
H
H
H
H
H
H
H
H
H
H

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

Clock

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Command

READ

ACT

READ

NOP

READ

NOP

READ

NOP

READ

NOP

READA

NOP

READ

ACT

READ

NOP

READ

ACT

READ

NOP

READ

NOP

READ

Cycle

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Loop | Number

Sub-
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[Table 90] IDD7 Measurement-Loop Pattern

Data

DATA1

DATAO

DATA1

DATAO

DATA1

DATAO

DATA1

DATAO

DATA1

DATAO

DATA1

CAO0 | CABI_n

CA10| CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1

H
H
H
H
H
H
H
H
H
H
H
H
H
H

H
H
H
H
H
H
H
H
H
H
H

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

Clock

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Rising

Falling

Command

NOP

READ

ACT

READ

NOP

READ

NOP

READA

NOP

READ

NOP

READ

NOP

READ

ACT

READ

NOP

READ

NOP

READ

NOP

READ

NOP

Cycle

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

Loop | Number

Sub-
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[Table 90] IDD7 Measurement-Loop Pattern

Sub- | Cycle | o mand | Clock |CA10| cA9 | cas | cA7 | cae | cas | caa | cA3 | cA2 | CA1 | CAO | CABILn | Data
Loop | Number

Rsmg | H | H | H | H | H | L] L ]| L] L ]| H]|H H

69 READ DATAO
Faing | H | H | L | H | H | LR | L8| LC]|n L
Rsng | H | H | H | H | H | H ]| H]|H ]| H ]| H]|H H

70 NOP -
Faing | H | H | H | H | H | H | H|H|H|H|H H
Rsng | H | H | H | L | L | H | H]|H]H]L]L H

71 READ DATA1
Fang | H | H | L | H | H | LA | L|LC|H|H L
Rsng | H | H | H | H | H | H ]| H]|H]|H] H]|H H

72 ACT ;
Faing | H | H | H | H | H | H | H | R |8 |8 |H H
Rsng | H | H | H | L | L | H ]| H]| L] L] H]|H H

73 READA DATAO
Faing | H | L | H | L | L | A" | H |8 LR |L H
Rsng | H | H | H | H | H | H]|H]|H]|H]H]|H H

74 NOP -
Fang | H | H | H | H | H | H|H|H|H|H|H H
Rsng | H | H | H | H | H ]| L | L]|H]|]H]L]L H

75 READ DATA1
Faing | H | H | L | H | H | LR | L|lLC|Hn]|n L
Rsng | H | H | H | H | H | H ]| H]| H]| H ]| H]|H H

76 NOP -
Faing | H | H | H | H | H | H | H|H|H|H|H H
Rsng | H | H | H | H | H | L] L] L] L ] H]|H H

77 READ DATAO
Fang | H | H | L | H | H | LA | LA |LC]|H L
Rsng | H | H | H | H | H | H ]| H]|H]|H]| H]|H H

78 NOP ;
Faing | H | H | H | H | H | H | H | R |8 |8 |H H
Rsng | H | H | H | H | H | L | L]|H]|]H]L]|L H

79 READ DATA1
Faing | H | H | L | H | H | LR | L|lLC|Hn|H L

[Table 91] AC parameter set for IDD test

Symbol Data rate Unit
tek 0.57 ns
RL 24 tck

trRcDRD 15 ns
trRcowr 9 ns

trRAS 30 ns
trp 15 ns
tre 45 ns
traw 16 ns
trrDS 4 ns
tRRDL 4 ns
tRFCab 120 ns
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8.9 ACTimings
[Table 92] AC Timings @ VDD&VDDQ=1.35V + 0.0405V for 12/14/16Gbps
PARAMETER": 2) SYMBOL VALUES UNIT NOTES
MIN MAX
CK_t and WCK_t Timings
CK clock cycle time PLL on tek - _ ns
PLL off 0.5 40
CK clock HIGH-level width ten 0.45 0.55 tek
CK clock LOW-level width toL 0.45 0.55 tek
Min. CK clock half period tup min(tcy.toL) - tok
CK clock frequency DDR WCK PLL on fek _ - MHz
PLL off 25 -
CK clock frequency with bank groups disabled fckesa fek(min) 2000 MHz 3.4
CK clock frequency with bank groups enabled and tccp, = 3 tek fckea3 fok(min) 2000 MHz 3
CK clock frequency with WCK2CK alignment at the balls fekpIN fok(min) 250 MHz 5
CK clock frequency in RDQS Mode fckrDQS fok(min) 250 MHz 5
CK clock frequency for operation with Vrgrco fckVvREFC2 fok(min) - MHz 6
CK clock frequency for operation with Vgrgrpo fckvREFD2 fok(min) - MHz 6
\?vléﬁlggl?(f;%ﬁﬁ%c?fn?éeWCK-to-CK auto synchronization in foKAUTOSYNG fox(min) 500 MHz 7
%l(()dcéogrljafg?g;ency for device operation with LP1 low power forLp1 fo(min) _ MHz 8
I\C/Ilc()dcéoglrglr)clegéjency for device operation with Low Frequency forLE fox(min) 250 MHz 9
WCK clock cycle time DDR WK |- O twek _ _ ns 10
PLL off 0.125 10
WCK clock HIGH-level width twekH 0.45 0.55 twek 11
WCK clock LOW-level width twekL 0.45 0.55 twek 11
Min. WCK clock half period twekHp m'?v\févxfyH - twek
Command and Address Input Timings
Command Address (CA) input setup time tas 0.08 - ns 12,14,51
Command Address (CA) input hold time tAH 0.08 - ns 12,14,51
Command Address (CA) input pulse width tapw 0.2 - ns 12,13,14,51
CKE_n input setup time tckes 0.14 - ns 12,51
CKE_n input hold time tcken 0.14 - ns 12,51
CKE_n min. HIGH and LOW pulse width for SELF
REFRESH, HIBERNATE SELF REFRESH and POWER-DOWN teke max(10tCK,10) - ns 12,13,51
commands
CKE_n min. HIGH and LOW pulse width for CAT command tckepw 0.4 - ns 12,13,51,53
WCK2CK Timings
WCK stop to MRS delay for entering WCK2CK training twekeMRrs 3tCK + 10ns - ns
MRS to WCK restart delay after entering WCK2CK training tMRSTWCK 3tCK + 10ns - ns 15
WCK clock frequency for WCK2CK training with WCK stop fwcksTop - 2000 MHz
WCK start to WCK phase movement delay twekeTr 10 - tek
WCK phase change to phase detector out delay twek2PH 10 - ns
WCK clock HIGH-level width during WCK2CK training tWekHTR 0.45 0.55 twek 11,16
WCK clock LOW-level width during WCK2CK training twekLTR 0.45 0.55 twek 11,16
PLL on; MR7 OP0=0 ) )
WCK2CK offset when zero offset at (at phase detector) ¢ ns 17
phase detector or at balls PLL off: MR7 OP0=0 WCK2CKPIN
(at phése detector) 02 02
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[Table 92] AC Timings @ VDD&VDDQ=1.35V + 0.0405V for 12/14/16Gbps

PARAMETER": 2) SYMBOL VALUES UNIT NOTES
MIN MAX
DDR WCK | MR7 OP0=0
(MR7 (at phase -0.2 0.2 tek
WCK2CK phase offset upon OP4=0) detector) ¢ 18
WCK2CK training exit DDR SCK | MR7 OP0=0 WCK2CKSYNC
(MR7 (at phase -0.1 0.1 tek
OP4=1) detector)
MR7 OP0=0
WCK2CK phase offset DDRWCK | (atphase twekack -0.4 0.4 tck 19
detector)
Data Input and Output Timings
. PLL on - -
WCK to DQ/DBI_n offset for input data Bl off twckepal o 06 ns 20,50
PLL on - -
WCK to DQ/DBI_n/EDC offset for output data Sl off tweke2po 02 08 ns 21,22,50
DQ/DBI_n input pulse width toipw 60 - ps 23,24,51
PLL on 50 - ps
DQ/DBI_n data input valid window toivw 23,25,51
PLL off 50 - ps
DQ/DBI_n input skew tbapal -100 100 ps 26,50
DQ/DBI_n/EDC output skew tbapao -125 125 ps 18,50
Row Access Timings
ACTIVATE to ACTIVATE command period trc 45 - ns
ACTIVATE to PREab / PREpb command period trAS 30 9 *tReFI ns 28
ACTIVATE to READ command delay tRcDRD 15 - ns
ACTIVATE to WRITE command delay tReDWR 9 - ns
ACTIVATE to RDTR command delay tRCDRTR 1tCK + 4 - ns
ACTIVATE to WRTR command delay tReDWTR 1tCK + 8 - ns
ACTIVATE to LDFF command delay tReDLTR 1MCK + 4 - ns
REFab to RDTR or WRTR command delay tREFTR 1CK + 12 - ns
ﬁaCnTkl\g/;ﬁLE) bank A to ACTIVATE bank B command delay same tRROL max(4, 2tCK) _ ns 29
,(’;\I%;Frlgrﬁlgr?‘?glsoﬁ;g ACTIVATE bank B command delay tRRDS max(4, 2tCK) _ ns 30
Four bank ACTIVATE window teaw max(16, 8tCK) - ns 31
gelzzlaF}F/)b | REFp2b to ACTIVATE or REFpb / REFp2b command {RREFD max(8, 2tCK) _ ns 32
READ to PREab / _ t 4 ) t 33
PREpb command delay same bank with bank groups enabled RTPL CK
READ to PREab / _ _ t 2 ) t 34
PREpb command delay same bank with bank groups disabled RTPS oK
PREpb to PREab / PREpb command delay tpPD 0.57 - ns
PREab / PREpb command period trp 15 - ns
WRITE recovery time twr 15 - ns
Column Access Timings
gRrIg{JV;\)/R bank A to RD/WR bank B command delay same bank tecoL 3/4 } tek 29, 35
gRrICD){JV’\)/E bank A to RD/WR bank B command delay different bank tocos 2 _ tek 30, 36
WDM/WSM bank A to WDM/WSM/WOM bank A command delay tocomw 2(TBD) _ tek
same bank
LDFF to LDFF command cycle time tTLTR 4 - tek
LDFF(1111) to RDTR command delay t TRTR 4 - tek
READ or RDTR to LDFF command delay tROTLT CLmrs +5 - tek
WRITE to LDFF command delay tWRTLT WLmrs + 6 - tek
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[Table 92] AC Timings @ VDD&VDDQ=1.35V + 0.0405V for 12/14/16Gbps

VALUES
PARAMETER": 2) SYMBOL UNIT NOTES
MIN MAX
WRTR to RDTR command delay tWTRTR WLmrs + 4 - tek
WRITE to WRTR command delay tWRWTR 2 - tok
Internal WRITE to READ command delay same bank group tWTRL 41CK + 4 - ns 29
Internal WRITE to READ command delay different bank groups twTrs 2tCK +4 - ns 30
CLmrs + BL/4 -
READ or RDTR to WRITE or WRTR command delay trrw wimrs t’i'rrfg‘)jf&rﬂ - ns 37
3
Power-Down and Refresh Timings
Self Refresh entry to exit time tckesr max(10tCK,10) - ns
Hibernate Self Refresh entry to exit time tHsRrF max(10tCK,10) - ns
Valid CK clocks required after SELF REFRESH ENTRY tcksRE 10 - tek
Valid CK clocks required before SEF REFRESH EXIT tcksrx 10 - tek
READ to SELF REFRESH ENTRY or POWER-DOWN ENTRY t CLmrs + CRCRL + } t 38
command delay RDSRE 6 CK
WRITE to SELF REFRESH ENTRY or POWER-DOWN ENTRY Wimrs +
command delay twRsRE maé(é%%ﬁ?(s; 6, ) fex 39
ACTIVATE to POWER-DOWN ENTRY command delay tacTPDE 2 - tek
PREab / PREpb to POWER-DOWN ENTRY command delay tprEPDE 2 - tck
(Ij?EI)EIaF;b / REFpb / REFp2b to POWER-DOWN ENTRY command tREFPDE Max(4ns/tCK, 4) ) tex
MRS to POWER-DOWN ENTRY command delay tMRSPDE tmMoD(min) - tek
REFab command period tRFCab 120 - ns
REFpb / REFp2b command period trRrcpb 60 - ns
SELF REFRESH EXIT to any command delay txs matXC(tKRE(%ab/ - tek 40,54
gl(()ggn LOW pulse width to exit from Hibernate Self Refresh typ 10 _ ns
Egli;:/-libernate Self Refresh to SELF REFRESH EXIT command tysH 500 _ us
REFab / REFpb / REFp2b period tREF - 32 ms
Average periodic refresh interval with REFab command tREFI - 1.9 us 41
Average periodic refresh interval with REFpb / REFp2b command treFIPB - tR’tE;é,i|1/680r us
(I?aElilt—')?abtitoonR;I‘E)Eg{)egommand period required for impedance tABREF 1 _ ms 42
Power-down entry to exit time tep max(10tCK,10) 9*tREFI ns
ggﬁgggﬁém_s'{:?quired upon POWER-DOWN and SELF tePDED 10 _ tek 59
POWER-DOWN exit time txp 12 - tek 54
Hibernate self refresh entry to Vppq power-off ramp delay tvoFF 100 - ns
Minimum Vppq off duration in hibernate mode tvon 1 - ms
Vppq stable to CKE_n stable HIGH delay teTen - 1 ms
Vppq stable to exit from hibernate mode delay theX 2 - ms
Miscellaneous Timings
MODE REGISTER SET command period tMRD max(10tCK,10) - tek 43
MODE REGISTER SET command update delay tmobp max(10tCK,10) - tek 43
PLL/DLL enable to PLL/DLL lock delay tLk - - tek
PLL/DLL enable to PLL/DLL lock delay with PLL t } } t 44
Fast Lock (MR7 OP1) enabled FLK CK
Required time for duty cycle corrector (DCC) toce - - tck/ns 45
DVS voltage stabilization time tvs - - us
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[Table 92] AC Timings @ VDD&VDDQ=1.35V + 0.0405V for 12/14/16Gbps

PARAMETER": 2) SYMBOL VALUES UNIT NOTES
MIN MAX
REFab to calibration update complete delay tko - 1tCK + 12ns ns
VRerc to Vrereo reference voltage settling time tvREFC2 - - ns 46
VRerc reference voltage level change settling time tvREFC - - ns 47
VRerp reference voltage level change settling time tVREFD - - ns 48
Vrerp t0 Vrerp2 reference voltage settling time tvREFD2 - - ns 49
CA[6:0] and EDC setup time before RESET_n de-assertion taTs 10 - ns
CA[6:0] and EDC hold time after RESET_n de-assertion tATH 10 - ns
CAT command to data out delay taADR - 2tCK + 10ns ns
CADT off to DQ/DBI_n in ODT state delay tapz - 1tCK + 10ns ns
Vendor ID on twRIDON - 1tCK + 10ns ns
Vendor ID off twRIDOFF - 1tCK + 10ns ns
[Table 93] AC Timings @ VDD&VDDQ=1.25V + 0.0375V for 10/12/14Gbps
PARAMETER": 2) SYMBOL VALUES UNIT NOTES
MIN MAX
CK_t and WCK_t Timings

CK clock cycle time PLL on tek _ _ ns

PLL off 0.57 40
CK clock HIGH-level width ten 0.45 0.55 tek
CK clock LOW-level width tcL 0.45 0.55 tek
Min. CK clock half period tup min(tcy.toL) - tok
CK clock frequency DDR WCK PLL on fok _ - MHz

PLL off 25 -
CK clock frequency with bank groups disabled fckea fek(min) 1750 MHz 3.4
CK clock frequency with bank groups enabled and tccp, = 3 tck fckea3 fok(min) 1750 MHz 3
CK clock frequency with WCK2CK alignment at the balls fekpIN fok(min) 250 MHz 5
CK clock frequency in RDQS Mode fckrDQS fok(min) 250 MHz 5
CK clock frequency for operation with Vrggco fckVREFC2 fok(min) - MHz 6
CK clock frequency for operation with Vgrgrp2 fckVvREFD2 fok(min) - MHz 6
\C/)vléﬁlgg?(f;?gﬁ%réc?ng)éeWCK-to-CK auto synchronization in foKAUTOSYNG fox(min) 500 MHz 7
gl(()dcéo:rljafg?g;ency for device operation with LP1 low power forLp1 fo(min) _ MHz 8
I\C/Ilc()dcéoglrglr)clegéjency for device operation with Low Frequency forLE fox(min) 250 MHz 9
WCK clock cycle time DDR Wk |- O twek - _ ns 10

PLL off 0.1425 10
WCK clock HIGH-level width twekH 0.45 0.55 twek 11
WCK clock LOW-level width twekL 0.45 0.55 twek 11
Min. WCK clock half period twekHp m'?v\févxfyH - twek

Command and Address Input Timings
Command Address (CA) input setup time tas 0.1 - ns 12,14,51
Command Address (CA) input hold time tAH 0.1 - ns 12,14,51
Command Address (CA) input pulse width tapw 0.25 - ns 12,13,14,51
CKE_n input setup time tckes 0.14 - ns 12,51
CKE_n input hold time tcken 0.14 - ns 12,51
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[Table 93] AC Timings @ VDD&VDDQ=1.25V + 0.0375V for 10/12/14Gbps

. VALUES
PARAMETER") 2 SYMBOL UNIT NOTES
MIN MAX
CKE_n min. HIGH and LOW pulse width for SELF
REFRESH, HIBERNATE SELF REFRESH and POWER-DOWN toke max(10tCK,10) - ns 12,13,51
commands
CKE_n min. HIGH and LOW pulse width for CAT command tckepw 0.4 - ns 12,13,51,53
WCK2CK Timings
WCK stop to MRS delay for entering WCK2CK training twekeMRs 3tCK + 11ns - ns
MRS to WCK restart delay after entering WCK2CK training tMRsTWCK 3tCK + 11ns - ns 15
WCK clock frequency for WCK2CK training with WCK stop fwcksToP - 2000 MHz
WCK start to WCK phase movement delay twek2TR 10 - tek
WCK phase change to phase detector out delay twekePH 11 - ns
WCK clock HIGH-level width during WCK2CK training tWCKHTR 0.45 0.55 twek 11,16
WCK clock LOW-level width during WCK2CK training twekLTR 0.45 0.55 twek 11,16
PLL on; MR7 OP0=0 } }
WCK2CK offset when zero offset at (at phase detector) ¢ ns 17
phase detector or at balls PLL off MR7 OP0=0 WCK2CKPIN
! -0.2 0.2
(at phase detector)
DDR WCK | MR7 OP0=0
(MR7 (at phase -0.2 0.2 tok
WCK2CK phase offset upon OP4=0) detector) ¢ 18
WCK2CK training exit DDR SCK | MR7 OP0=0 WCK2CKSYNC
(MR7 (at phase -0.1 0.1 tek
OP4=1) detector)
MR7 OP0=0
WCK2CK phase offset DDR WCK (at phase tWCK2CK -0.4 04 tCK 19
detector)
Data Input and Output Timings
WCK to DQ/DBI_n offset for input dat PLL on t _ _ 20,50
(o} n offset for input data ns ,
- P PLL off wekza 0.1 0.6
WCK to DQ/DBI_n/EDC offset for output dat PLL on t _ _ 21,22,50
(o} n offset for output data ns 22,
_ p PLL off WCK2DQO 0.2 08
DQ/DBI_n input pulse width toipw 68 - ps 23,24,51
PLL on 60 - ps
DQ/DBI_n data input valid window toivw 23,25,51
PLL off 60 - ps
DQ/DBI_n input skew tbapal -100 100 ps 26,50
DQ/DBI_n/EDC output skew tbapao -125 125 ps 18,50
Row Access Timings
ACTIVATE to ACTIVATE command period trc 51 - ns
ACTIVATE to PREab / PREpb command period trAs 34 9 *tReFI ns 28
ACTIVATE to READ command delay tRcDRD 17 - ns
ACTIVATE to WRITE command delay tRcDWR 11 - ns
ACTIVATE to RDTR command delay tRCDRTR MCK+5 - ns
ACTIVATE to WRTR command delay tReDWTR 1tCK + 9 - ns
ACTIVATE to LDFF command delay tReDLTR MCK+5 - ns
REFab to RDTR or WRTR command delay tREFTR 1MCK + 12 - ns
ACTIVATE bank A to ACTIVATE bank B d del
it an (o} ank B command delay same tRROL max(6, 2tCK) _ ns 29
ACTIVATE bank A to ACTIVATE bank B command delay
different bank groups tRRDS max(6, 2tCK) ) ns 30
Four bank ACTIVATE window teaw max (24, 8tCK) - ns 31
c'j?EIaF}?b / REFp2b to ACTIVATE or REFpb / REFp2b command {RREFD max(12, 2tCK) _ ns 32
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[Table 93] AC Timings @ VDD&VDDQ=1.25V + 0.0375V for 10/12/14Gbps

PARAMETER": 2) SYMBOL VALUES UNIT NOTES
MIN MAX
READ to PREab / _ t 4 ) t 33
PREpb command delay same bank with bank groups enabled RTPL cK
READ to PREab / _ ‘ t 2 ) t 34
PREpb command delay same bank with bank groups disabled RTPS cK
PREpb to PREab / PREpb command delay tppD 0.83 - ns
PREab / PREpb command period trRp 17 - ns
WRITE recovery time twr 17 - ns
Column Access Timings

gRr%{JV;\)/R bank A to RD/WR bank B command delay same bank T~ 3/4 B tek 29, 35
gRr%{JVp\)/E bank A to RD/WR bank B command delay different bank tecns 5 _ tex 30, 36
WDM/WSM bank A to WDM/WSM/WOM bank A command delay tecomw 2(TBD) } tek
same bank
LDFF to LDFF command cycle time tLTLTR 4 - tek
LDFF(1111) to RDTR command delay tLTRTR 4 - tok
READ or RDTR to LDFF command delay tROTLT CLmrs +5 - tek
WRITE to LDFF command delay tWRTLT WLmrs + 6 - tek
WRTR to RDTR command delay tWIRTR WLmrs + 4 - tok
WRITE to WRTR command delay tWRWTR 2 - tek
Internal WRITE to READ command delay same bank group tWTRL 41CK + 4 - ns 29
Internal WRITE to READ command delay different bank groups twTrs 2tCK +4 - ns 30

CLmrs + BL/4 -
WLmrs + (bus turn

READ or RDTR to WRITE or WRTR command delay tRTW around time)/tCK + - ns 37
3
Power-Down and Refresh Timings
Self Refresh entry to exit time tckesr max(10tCK,10) - ns
Hibernate Self Refresh entry to exit time tHsRF max(10tCK,10) ns
Valid CK clocks required after SELF REFRESH ENTRY tcksre 10 - tek
Valid CK clocks required before SEF REFRESH EXIT tcksRx 10 - tek
READ to SELF REFRESH ENTRY or POWER-DOWN ENTRY t CLmrs + CRCRL + } t 38
command delay RDSRE 6 CK
WRITE to SELF REFRESH ENTRY or POWER-DOWN ENTRY WLmrs *
command delay "WRsRE maé(';%%{EEKe; 6, ) ek 39
ACTIVATE to POWER-DOWN ENTRY command delay tacTPDE 2 - tek
PREab / PREpb to POWER-DOWN ENTRY command delay tPREPDE 2 - tek
(Ij?éEIaF;b / REFpb / REFp2b to POWER-DOWN ENTRY command {REFPDE Max(4ns/iCK, 4) ) tex
MRS to POWER-DOWN ENTRY command delay tMRSPDE tmMoD(min) - tek
REFab command period tRFCab 120 - ns
REFpb / REFp2b command period trRrcpb 60 - ns
SELF REFRESH EXIT to any command delay tys mat’gt}'é;(%ab’ - tek 40,54
CKE_n LOW pulse width to exit from Hibernate Self Refresh tyrp 12 _ ns
mode
(IjEé(Ii;:/-libernate Self Refresh to SELF REFRESH EXIT command tysH 500 _ us
REFab / REFpb / REFp2b period tReF - 32 ms
Average periodic refresh interval with REFab command tREFI - 1.9 us 41
Average periodic refresh interval with REFpb / REFp2b command tREFIPB - thEF;'EI/:|1/68°r us

161 SAMSUNG



Rev. 1.3

K4Z80325BC GDDR6 SGRAM

[Table 93] AC Timings @ VDD&VDDQ=1.25V + 0.0375V for 10/12/14Gbps

VALUES
PARAMETER": 2) SYMBOL UNIT NOTES
MIN MAX
(I:?aIEIiIEzra;)ﬁtoonl'\:Ezgtbegommand period required for impedance tABREF 1 _ ms 42
Power-down entry to exit time tpp max(10tCK,10) 9*tREFI ns
NOP commands required upon POWER-DOWN and SELF t 10 B t 59
REFRESH ENTRY CPDED CK
POWER-DOWN exit time txp 12 - tek 54
Hibernate self refresh entry to Vppq power-off ramp delay tvorr 100 - ns
Minimum Vppq off duration in hibernate mode tvon 1 - ms
Vppq stable to CKE_n stable HIGH delay tcTEN - 1 ms
Vppq stable to exit from hibernate mode delay tHEX 2 - ms
Miscellaneous Timings
MODE REGISTER SET command period tMRD max(10tCK,10) - tek 43
MODE REGISTER SET command update delay tmop max(10tCK,10) - tek 43
PLL/DLL enable to PLL/DLL lock delay Lk - - tck
PLL/DLL enable to PLL/DLL lock delay with PLL t ) ) t 44
Fast Lock (MR7 OP1) enabled FLK cK
Required time for duty cycle corrector (DCC) toce - - tek/ns 45
DVS voltage stabilization time tys - - us
REFab to calibration update complete delay tko - 1tCK + 12ns ns
VRerc to Vregco reference voltage settling time tyREFC2 - - ns 46
Vgerc reference voltage level change settling time tvrEFC - - ns 47
Vrerp reference voltage level change settling time tvrREFD - - ns 48
Vgerp to Vrerpo reference voltage settling time tyREFD2 - - ns 49
CA[6:0] and EDC setup time before RESET_n de-assertion taTs 12 - ns
CA[6:0] and EDC hold time after RESET_n de-assertion tatH 12 - ns
CAT command to data out delay tADR - 2tCK + 12ns ns
CADT off to DQ/DBI_n in ODT state delay tapz - 1tCK + 12ns ns
Vendor ID on twRIDON - 1CK + 12ns ns
Vendor ID off tWRIDOFF - 1tCK + 12ns ns
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NOTE :

1) All parameters assume proper device initialization.

2) Tests for AC timing may be conducted at nominal supply voltage levels, but the related specifications and device operation are guaranteed for the full voltage and tempera-
ture range specified.

3) Parameter fckpg3 is required for those devices supporting both 3 * tck and 4 * tck settings for bank groups. Devices supporting only 3 * tck or 4 * tck need only to specify
fekea:

4) Bank Group Frequency ranges.

Bank Groups disabled

(if option is supported by device)

| ! ( !
| | | [
| [ [ [
Bank Groups enabled, tccp = 3 tck [ [ l |
| | | [
Bank Groups enabled, tcop = 4 tox | | | |

] ( ( I

fek(min) fcksa(max) fckpg3(max) fek(max)

5) Parameter fckyrerco applies when the CA input reference voltage in MR7, OP6 (Half VREFC) is set to VREFC2.

6) Parameter fckyrerp2 applies when the data input reference voltage in MR7, OP7 (Half VREFD) is set to VREFD2.

7) Parameter fokauTosync applies when WCK2CK Auto Synchronization is enabled in MR7, OP4.

8) Parameter fck| pq applies when Low Power Mode LP1 is enabled in MR5, OPO. LP1 is optional.

9) Parameter fck, F applies when Low Frequency Mode is enabled in MR7, OP3.

10) By definition the nominal WCK clock cycle time always is 1/2 or 1/4 of the CK clock cycle time depending on the selected WCK Ratio (not including jitter).

11) The phase relationship between WCK_t/WCK_c and CK_t/CK_c clocks must meet the tyckock specification.

12) CA and CKE_n input timings are referenced to Vrggc.

13) CA and CKE_n input pulse widths are design targets. The values will be characterized but not tested on each device.

14) CA input timings are only valid with CABI_n being enabled and a maximum of 5 CA inputs driven LOW in 2 channel mode or 7 CA inputs driven LOW in PC mode.

15) Parameter may be specified as a combination of tck and ns.

16) Parameters tyckytr @nd twekLtr specify the max. allowed WCK clock-to-clock phase shift during WCK2CK training. For READ and WRITE bursts use tycky and tweky-

17) Parameter tyckockpin defines the WCK2CK phase offset range at the CK and WCK balls for ideal (phase = 0°) clock alignment at the device’s phase detector. The mini-
mum and maximum values could be negative or positive numbers, depending on the selected WCK2CK alignment point, PLL-on or PLL-off mode and design implementa-
tion.

18) Parameter tyckocksync defines the max. phase offset from the ideal (phase = 0°) clock alignment at the device’s phase detector, where the internal logic synchronizes the
CK and WCK clocks; it is expected to be a fraction of tyckock-

19) Parameter tyckock defines the max. phase offset from the ideal (phase = 0°) clock alignment at the device’s phase detector.

20) Parameter tyyckopq defines the WCK to DQ/DBI_n time delay range for WRITEs for PLL-on and PLL-off mode. The minimum and maximum values could be negative or
positive numbers, depending on design implementation and PLL-on or PLL-off mode. They also vary across PVT. Data training is required to determine the actual tyckapaqi
value for reliable WRITE operation.

21) Parameter tyckopqo defines the WCK to DQ/DBI_n/EDC time delay range for READs for PLL-on and PLL-off mode. The minimum and maximum values could be negative
or positive numbers, depending on design implementation and PLL-on or PLL-off mode. They also vary across PVT. Data training is required to determine the actual
twekapqo Vvalue for reliable READ operation.

22) Outputs measured with equivalent load (vendor specific) terminated to Vppq.

23) DQ/DBI_n input timings are valid only with DBI being enabled and a maximum of 4 data inputs per byte driven LOW.

24) The data input pulse width, tppyy, defines the minimum positive or negative input pulse width for any one worst-case channel required for proper propagation of an external
signal to the receiver. tppyy is independent of the PLL/DLL mode. In general tppyy is larger than tppy.

25) The data input valid window, tp;\y, defines the time region where input data must be valid for reliable data capture at the receiver for any one worst case channel. It
accounts for jitter between data and clock at the latching point introduced in the path between the DRAM pads and the latching point. Any additional jitter introduced into the
source signals (e.g., within the system before the DRAM pad) must be accounted for in the final timing budget together with the chosen PLL/DLL mode and bandwidth.
tpivw is defined for PLL/DLL off and on mode separately. In the case of PLL/DLL on, th\y must be specified for each supported bandwidth. In general tp\,\y is smaller than
toipw-

26) tpqpq defines the maximum skew among all DQ/DBI_n inputs of a byte under worst case conditions. Parameter tyckopq) defines the mean value of the earliest and latest
DQ/DBI_n pin, tpgpqi(min) the negative offset to tyckapq) for the earliest DQ/DBI_n pin and tpgpgi(max) the positive offset to tyckapq for the latest DQ/DBI_n pin.

27) tpapo defines the maximum skew among all DQ/DBI_n/EDC outputs of a byte under worst case conditions. Parameter tyyckopqo defines the mean value of the earliest
and latest DQ/DBI_n/EDC pin, tpopgo(min) the negative offset to tyckopaqo for the earliest DQ/DBI_n/EDC pin and tpgpgo(max) the positive offset to tyckapqo for the lat-
est DQ/DBI_n/EDC pin.

28) For READs and WRITEs with AUTO PRECHARGE enabled the device will hold off the internal PRECHARGE until tgas(min) has been satisfied.

29) Parameter applies when bank groups are enabled and consecutive commands access the same bank group.

30) Parameter applies when bank groups are disabled or consecutive commands access different bank groups.

31) Not more than 4 ACTIVATE commands are allowed within period.

32) Parameter applies between any two REFpb / REFp2b commands and between a REFpb / REFp2b command and a subsequent ACTIVATE command to a different bank.

33) Parameter applies when bank groups are enabled and READ and PRECHARGE commands access the same bank.

34) Parameter applies when bank groups are disabled or READ and PRECHARGE commands access the same bank.

35) tcepy is either for gapless consecutive READ or gapless consecutive WRITE commands.

36) tceps is either for gapless consecutive READ or RDTR (any combination), gapless consecutive WRITE, or gapless consecutive WRTR commands.

37) trTw is not a device limit but determined by the system bus turnaround time. The difference between tyckopao and twekapar shall be considered in the calculation of the
bus turnaround time.

38) Read data including CRC data must have been clocked out before entering self refresh or power-down mode.

39) Write data must have been written to the memory core, and CRC data must have been clocked out before entering self refresh or power-down mode.

40) Time for WCK2CK training and data training not included.

41) A maximum of 8 consecutive REFab commands can be posted to a device, meaning that the maximum absolute interval between any REFab command and the next
REFab command is 9 * trgg.

42) tagrer is relevant only when refresh is normally performed using the REFpb / REFp2b command. REFab commands must be issued at a minimum rate of tagrgr to allow
impedance updates from the auto-calibration engine to occur.

43) tyrp is less than or equal to tyop. See MODE REGISTER SET command section for more details on tyop and tyrp

44) Replaces parameter t, x when PLL Fast Lock has been enabled prior to the PLL/DLL enable or reset.

45) The parameter may be specified in tck or ns (vendor specific)

46) The parameter applies when the CA reference voltage selection in MR7, OP6 (Half VREFC) has changed.

47) The parameter applies when the Vgepc level has been changed in MR10. tyrerc is a constant value for the device, and is referenced from the MRS command to when the
90% level of the delta between old and new Vgggc voltage has been reached.
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48) The parameter applies when the Vrepp level has been changed in MR6 or MRO. tyregp is a constant value for the device, and is referenced from the MRS command to
when the 90% level of the delta between old and new Vgggp voltage has been reached.

49) The parameter applies when the data reference voltage selection in MR7, OP7 (Half VREFD) has changed.

50) The parameter applies to WCK per byte or WCK per word depending on device implementation.

51) This parameter is for DRAM design only and valid on the silicon die at the input of the receiver. It is not intended to be measured.

52) After issuing PDE or SRE command, NOP (1) commands and CABI_n = HIGH (if CABI is enabled) are required for a minimum of toppgp after POWER-DOWN or SELF
REFRESH entry.

53) The scope of tCKEPW is limited to CAT commands in Command Address Training. Refer to parameters tPD and tXP for the minimum CKE_n pin HIGH and LOW pulse
width states in conjunction with power-down, and parameters tCKESR, tXS, tHSRF, tXHP and tXSH for the minimum CKE_n pin HIGH and LOW pulse width states in con-
junction with self refresh and hibernate self refresh.

54) After issuing PDX or SRX command, NOP (1) commands and CABI_n = HIGH (if CABI is enabled) are required for a minimum of typ after POWER-DOWN EXIT or txg after
SELF REFRESH EXIT.
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8.10 CLOCK-TO-DATA Timing Sensitivity

The availability of clock-to-data (WCK2DQ) timing sensitivity information provides the controller the opportunity to anticipate the impact to timings from
variations in environmental conditions (such as changes in voltage or temperature) allowing the controller to take corrective action if necessary (e.g.,
realigning WCK and DQ).

Variations in relative timing between WCK and data are reported for READ and WRITE paths. The reported values are characterized but not tested in
production.

[Table 94] WCK-to-Data-In Timing Sensitivity

PARAMETER SYMBOL VALUES UNIT NOTES
PLL on
WCK2DAQI Sensitivity to variations in Vppq Sl o tiovasens 20 ps/V 1,2
o o PLL on
WCK2DAQI Sensitivity to variations in Vpp Sl off tovsens = ps/V 3,4
age o P . PLL on
WCK2DAQI Sensitivity to variations in Tcase Sl off tioTsens 0 ps/°C 56

NOTE :

1) ti2VQSens = ((twckzpai(Vopa(Max)) - twekznai(Vopa(min))) / (Vppa(max) - Vppg(min))).
2) Vpp(typ), Tease = 85 °C, worst-case process corner.

3) ti2VSens = ((twckanai(Vop(max)) - twekzpai(Vop(min))) / (Vpp(max) - Vpp(min))).

4) Vppaltyp), Tease = 85 °C, worst-case process corner.

5) ti2TSens = ((twekzpai(Tease(Max)) - twekzpal(Tease(Min))) / (Tease(Max) - Teasg(Min))).

6) Vppaltyp), Vppl(typ), worst-case process corner.

[Table 95] WCK-to-Data-Out Timing Sensitivity

PARAMETER SYMBOL VALUES UNIT NOTES
o o . PLL on
WCK2DQO Sensitivity to variations in Vppq Bl of to2vasens 150 ps/V 1,2
PLL on
WCK2DQO Sensitivity to variations in Vpp 5L of toovsens 5 ps/V 3,4
e o PLL on
WCK2DQO Sensitivity to variations in Tcase Sl off tooTsens 03 ps/°C 56

NOTE :

1) t02VQSens = ((twckznao(Vopa(Max)) - twckznao(Vopa(min))) / (Vppa(max) - Vppa(min))).
2) Vpp(typ), Tease = 85 °C, worst-case process corner.

3) t02VSens = ((twekznao(Von(Max)) - twekznao(Vop(min))) / (Vpp(max) - Vpp(min))).

4) Vppal(typ), Tease = 85 °C, worst-case process corner.

5) tO2TSens = ((twckznao(Tease(Max)) - twekanao(Tease(Min))) / (Tease(Max) - Tease(Min)))-

6) Vppaltyp), Vppl(typ), worst-case process corner.
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8.11 1.35V I/0 Driver Models

The Driver and Termination impedances are derived from the following test conditions under worst case process corners:
1. Nominal 1.35V (VDD/VDDQ)
. Power the DRAM device and calibrate the output drivers and termination to eliminate process variation at 25 °C.
. Reduce temperature to 10 °C and recalibrate.
Reduce temperature to 0 °C and take the fast corner measurement.
. Raise temperature to 75 °C and recalibrate
. Raise temperature to 85 °C and take the slow corner measurement
. Reiterate 2 to 6 with Vpp/Vppq 1.3095V
. Reiterate 2 to 6 with Vpp/Vppq 1.3905V
9. All obtained Driver and Termination IV characteristics have to be bounded by the specified MIN and MAX IV characteristics

© N UAWN

The following values (Ideal with +/- 10% min/max) are targets for the designer and are not required to be met. Vendor datasheets should be consulted for
further details. It is expected that the characteristics of the real curves will have some nonlinearity as shown in Figure 97 and Figure 98. This may help to
reduce the overall capacitance and boost performance. It is up to the designer to find the optimum combination of linearity and capacitance for best Rx
and Tx performance.

[Table 96] 1.35V I/O Impedances

Pull-Down Characteristic at 40 ohms Pull-Up/Termination Characteristic at 60 ohms
Voltage (V) MIN(mA) Ideal(mA) MAX(mA) Voltage (V) MIN(mA) Ideal(mA) MAX(mA)
0.1 2.25 2.50 2.75 0.1 -1.50 -1.67 -1.83
0.2 4.50 5.00 5.50 0.2 -3.00 -3.33 -3.67
0.3 6.75 7.50 8.25 0.3 -4.50 -5.00 -5.50
0.4 9.00 10.00 11.00 04 -6.00 -6.67 -7.33
0.5 11.25 12.50 13.75 0.5 -7.50 -8.33 -9.17
0.6 13.50 15.00 16.50 0.6 -9.00 -10.00 -11.00
0.7 15.75 17.50 19.25 0.7 -10.50 -11.67 -12.83
0.8 18.00 20.00 22.00 0.8 -12.00 -13.33 -14.67
0.9 20.25 22.50 24.75 0.9 -13.50 -15.00 -16.50
1.0 22.50 25.00 27.50 1.0 -15.00 -16.67 -18.33
1.1 24.75 27.50 30.25 1.1 -16.50 -18.33 -20.17
1.2 27.00 30.00 33.00 1.2 -18.00 -20.00 -22.00
1.3 29.25 32.50 35.75 1.3 -19.50 -21.67 -23.83
1.35 31.15 33.75 37.12 1.35 -20.25 -22.50 -24.75
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Figure 95. Target Pull Down Characteristic at 40 ohms
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Figure 96. Target Pull Up/Termination Characteristic at 60 ohms
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Figure 97. Example of Non Linearity, Pull Down Characteristic at 40 ohms
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Figure 98. Example of Non Linearity, Pull Up/Termination Characteristic at 60 ohms
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8.12 1.25V I/0 Driver Models

The Driver and Termination impedances are derived from the following test conditions under worst case process corners:

. Nominal 1.25V (VDD/VDDQ)

. Power the DRAM device and calibrate the output drivers and termination to eliminate process variation at 25 °C.

. Reduce temperature to 10 °C and recalibrate.

. Reduce temperature to 0 °C and take the fast corner measurement.

. Raise temperature to 75 °C and recalibrate

. Raise temperature to 85 °C and take the slow corner measurement

. Reiterate 2 to 6 with VDD/VDDQ 1.2125V

. Reiterate 2 to 6 with VDD/VDDQ 1.2875V

9. All obtained Driver and Termination IV characteristics have to be bounded by the specified MIN and MAX IV characteristics

O~NO O WN =

The following values (ldeal with +/- 10% min/max) are targets for the designer and are not required to be met. Vendor datasheets should be consulted for
further details. It is expected that the characteristics of the real curves will have some nonlinearity as shown in Figure 120 and Figure 121. This may help
to reduce the overall capacitance and boost performance. It is up to the designer to find the optimum combination of linearity and capacitance for best Rx
and Tx performance.

[Table 97] 1.25V 1/O Impedances

-169

Pull-Down Characteristic at 40 ohms Pull-Up/Termination Characteristic at 60 ohms
Voltage (V) MIN(mA) Ideal(mA) MAX(mA) Voltage (V) MIN(mA) Ideal(mA) MAX(mA)

0.1 2.25 25 2.75 0.1 -1.5 -1.67 -1.83
0.2 4.5 5 5.5 0.2 -3 -3.33 -3.67
0.3 6.75 7.5 8.25 0.3 -4.5 -5 -5.5
0.4 9 10 11 0.4 -6 -6.67 -7.33
0.5 11.25 12,5 13.75 0.5 -7.5 -8.33 -9.17
0.6 13.5 15 16.5 0.6 -9 -10 -1
0.7 15.75 17.5 19.25 0.7 -10.5 -11.67 -12.83
0.8 18 20 22 0.8 -12 -13.33 -14.67
0.9 20.25 22.5 24.75 0.9 -13.5 -15 -16.5

1 22.5 25 275 1 -15 -16.67 -18.33
1.1 24.75 27.5 30.25 1.1 -16.5 -18.33 -20.17
1.2 27 30 33 1.2 -18 -20 -22
1.25 28.125 31.25 35.375 1.25 -18.75 -21.835 -22.915
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Figure 99. Target Pull Down Characteristic at 40 ohm
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Figure 100. Target Pull Up/Termination Characteristic at 60 ohms
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Figure 101. Example of Non Linearity, Pull Down Characteristic at 40 ohms
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Figure 102. Example of Non Linearity, Pull Up/Termination Characteristic at 60 ohms
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8.13 On Die Termination (ODT)

GDDR6 SGRAMSs support multiple termination modes for its high speed input signals. When the termination is enabled for a receiver, an impedance
defined for that termination mode is applied between that input receiver and the Vppq supply rail. This is commonly referred to as Vppq termination.

Table 98 includes all the high speed signals whose receivers include on die termination to Vppq and the corresponding Mode Register bits to control their

termination.

[Table 98] Signals Affected by Termination Control Registers

Signal

Termination Control Registers

Notes

x16 mode x8 mode

CA[10:4]_A, CABI_n_A,
B

CKE_n A
CA[10:4] B, CABI_n_B, CKE_n_B

CAH Termination + CA TO
MR8 OP [4:2]

CA[3:0]_A, CA[3:0]_B

CAL Termination + CA TO
MR8 OP [4, 1:0]

CK_t, CK_c

CK Termination
MR8 OP [11:10]

DQ[7:0]_A, DBIO_n_A,

Data Termination

DQ[15:8]_B, DBI1_n_B MR1 OP [3:2]

DQ[15:8]_A, DBI1_n_A, Data Termination .
DQ[7:0]_B, DBIO_n_B MR1 OP [3:2] Disabled
WCKO_t_A, WCKO_c_A, WCK Termination

WCK1_t_B, WCK1_c_B MR10 OP [11:10]

WCK1_t_A, WCK1_c_A, WCK Termination Disabled
WCKO_t_B, WCKO_c_B, MR10 OP [11:10]

NOTE :
1) CA10 is only present in 24Gb and 32Gb densities.
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8.14 x8 Mode Enable

A GDDR6 SGRAM based memory system is typically divided into several channels. GDDRG6 has been optimized for a 16 bit wide channel. A channel can
be comprised of a single device operated in x16 mode, or two devices each operated in x8 mode. For x8 mode the devices are typically assembled on
opposite sides of the PCB in what is referred to as a clamshell layout.

Whether in x16 mode or x8 mode the device will operate with a point to point connection on the high speed data signal. The disabled signals in x8 mode
should all be in a Hi-Z state, non-terminating.

The x8 mode is detected at power up on EDC1_A and EDCO_B. For x8 mode this ball is tied to Vgg; the signal is part of the byte that is disabled in this
mode and therefore not needed for EDC functionality. For x16 mode this signal is active and always terminated to Vppq in the system or by the controller.
The configuration is set with RESET_n going HIGH. Once the configuration has been set, it cannot be changed during normal operation. Usually the
configuration is fixed in the system. Details of the x8 mode detection are depicted in Figure 103. A comparison of x16 mode and x8 mode systems is
shown in Figure 104 and Figure 106 show examples of the board topologies that are supported in GDDR6.

VDDQ GDDR6
EDC data from in x8 mode
bl .
enable other DRAM Device 1

Terminationl

EDC Data

EDCO0_B

RESET _n
‘> RESET_nr RESET.n

Controller

VDDQ GDDR6

bl EDC data from in x8 mode
enable
Nt other DRAM Device 0
Termination|
EDCI_A
EDC Dat:
le—EDC “
EDC1_B x8
0=x8

Controller vss

‘>RESETJ\
RESET_

RESET_n

GDDR6
in x16 mode

vss
Controller

RESET
‘> ) RESET. RESET_n

Figure 103. Enabling x8 mode

173 SAMSUNG



K4280325BC

Rev. 1.3

GDDR6 SGRAM

[Table 99] x8 mode

MODE EDCO_A EDC1_A EDCO_B EDC1_B
x8 VDDQ VSS (on board) Vss(On board) VDDQ
x16 Vppq (terminated by the system or controller)
GDDR6 GDDR6 GDDR6
x16 x8 x8
f DQ0-DQ7_A, DBIO_n_A { Byte 0 § DQO-DQ7_A, DBI0_n_A | Byte 0_A
EDCO_A EDCO_A
S b wokot Awcko c A —B = | EPCLA [ EDCO_B
E - e Vss Vss
= DQ8-DQ15_A, DBI1_n_A)| Byte 1 Es — WCK0_t WCKO_c ———»| WCKO_A
6 -¢——EDCI1_A @) DQ8-DQ15_B, DBI1_n_] Byte 1_B
— — T
8 [FWCKI_t_AWCK1_c_A* - = |<——— EDCI1 B
LE % | WCK1_t, WCK1_c | weki B
S CKE_n_A ———» S CKE_n —————p»-CKE_n_A{———»{ CKE_n_B
; ADD/ ; ADD/
CA[10:0]_A, CABI_A CMD CAJ10:0]_A, CABI_A CMD
DQ8-DQI15_B, DBI1_n_B )| Bytel < DQ8-DQ15_B, DBIl_n_B | Byte1_B
<¢——EDC1_B —— - EDC1_B
— |~ WCKI_t_BWCKI_c.B —P» = []EDCO_B [| EDCI_A
qg.) &J VSS VSS
g DQO-DQ7_B, DBIO_n_B | Byte 0 £ |—wekiuweki_c ——lweki B
< - <
o | EDCO_B o DQO-DQ7_A, DBI0_n_A Byte 0_A
5 | WCKO_t_B,WCKO0_c_B* — P | T
= ~ |4—— EDC0_A
£ £ |—wcko_tweko e | WCKO_A
= =
S CKE_n_B ——p» S CKE_n ————»CKE_n_B+———»{CKE_n_A
E ADD/ ; ADD/
CA[10:0]_B, CABI_B CMD CA[10:0]_B, CABI_B CcMD
CK_t, CK_c —p»] CK_t, CK_c o
RESET_n ———p] RESET_n - .
- TCK, TMS, TDI, TDO —p» - TCK, TMS, TDI, TDO —» .

* WCK1_A and WCKO_B are NC with WCK/word.
CA10 is only present in 24Gb and 32Gb densities.

Figure 104. Example System view for x16 mode vs. x8 mode
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Figure 105 is an example that clarifies the use of x8 mode and how the bytes are enabled/disabled to give the controller the view of the same bytes that a
controller sees with a single x16 device. For a 16 bit channel using 2 devices in a clamshell design, Byte 0 comes from Channel A from the top device and

Byte 1 comes from the bottom Channel B and will look equivalent at the controller to a x16 mode.

Ch A
Byte 0

ChB
Byte 1

Top view thru package
(PCB below)

x8

Legend:
= DATA

= (CA, CABLn
= CKE_n

Host Host
ChoO Cho
Byte O Byte 1
(DRAM (DRAM
ChA ChB
Byte 0) Byte 1)
Host Host
Ch1 Ch1
Byte 0 Byte 1
(DRAM (DRAM
ChA ChB
Byte 0) Byte 1)

ChB
Byte 1
+ =
Ch A
Byte 0
\
Top view thru PCB

(PCB above)

x8

Figure 105. Byte Orientation in Clamshell Topology
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The simple block diagrams in Figure 106 demonstrate some of the flexibility of PCB routing.

Single side configurations

CHAx16 CHBxlé6 CHAx16 CHBxl6
HOST HOST
CHO CH?2
CH1 CH3

Clamshell configurations

CHAx16 CHBXx16

HOST
CHO
CH1
CH2
CH3
CHBxl16 CHAXx16
CHA X8 CHB x8
HOST HOST
CHO CH1
CHO CH1
CHBx8 CHA X8
Legend:
= DATA
= CA,CABLn
= CKE_n
- CK

Figure 106. Example GDDR6 PCB Layout Topologies
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8.15 PSEUDO-CHANNEL (PC) MODE

A GDDR6 SGRAM based memory system is typically divided into several channels. GDDR6 has been optimized for a 32B access across a 16-bit channel
by providing a unique CA[10:0] bus to each 16-bit wide channel. For applications requiring fewer CA pins, GDDR6 includes support for a PC mode where
CA[9:4] on each channel is connected to a common bus while CA[3:0] of each channel is connected to a separate bus. The command truth table has
been organized to enable this mode to support a unique column address to each pseudo-channel on CA[3:0]. In the PC mode, CKE_n and CABI_n are
also shared across the pseudo-channels.

In the PC mode, the only difference in the DRAM is that termination on CA[10:4], CKE_n, and CABI_n can be configured differently from CA[3:0] but the
functional operation of each channel is the same as in the normal mode.

The PC mode can be selected during initialization by driving CA6 = LOW on both channels when RESET_n is driven HIGH. The termination values are

also selected at this time as defined in the initialization section. Mode Register MR8 includes controls for over-riding the termination impedance on the CA
interface. MR8 OP4 = 0 selects the values selected during initialization. MR8 OP1 = 1 selects the values define by MR8 OP[3:0] as shown in Table 100

and Table 101.

[Table 100] CAH Termination for CKE_n, CABI_n, CA[10:4]

MR8 OP[3:2] Termination Strength
00 Disabled
01 60 Ohm
10 120 Ohm
11 240 Ohm

[Table 101] CAL Termination for CA[3:0]

MR8 OP[1:0] Termination Strength
00 Disabled
01 60 Ohm
10 120 Ohm
11 Reserved
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[Table 102] Example System Configuration for Pseudo-Channel Mode

GDDR®6 Controller
Dual channel PC-A PC-B Shared pins
CAO0_A CAO0_A
CA1_A CA1_A
CA2_A CA2_A
CA3_A CA3_A
CA4_A CA4_A B
CA5_A CA5_A B
CA6_A CA6_A B
CA7_A CA7_A B
CA8_A CA8_A B
CA9_A CA9_A B
CA10_A CA10_A_B
CABI_n_A CABI_n_A_B
CKE_n_A CKE_n_A_B
CA0_B CAO0_B
CA1_B CA1_B
CA2_B CA2_B
CA3_B CA3_B
CA4 B CA4_A B
CA5_B CA5_A B
CA6_B CA6_A B
CA7_B CA7_A B
CA8_B CA8_A B
CA9_B CA9_A B
CA10_B CA10_A_B
CABI_n_B CABI_n_A_B
CKE_n_B CKE_n_A_B

Pseudo-Channel Controller

GDDRG6

CA[3:0]_A

CA[10:4] A B, CKE_n_A B, CABln_A B

CA[3:0]_A

CA[10:4] A, CKE_n_A, CABI_n_A

CA[10:4]_B, CKE_n_B, CABI_n_B

CA[3:0]_A

CA10 is only present in 24Gb and 32Gb densities.

CA[3:0]_B

Figure 107. Example System Configuration for Pseudo-Channel Mode
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9.1EEE.1149.1 BOUNDARY SCAN

The GDDR6 SGRAM incorporates a boundary scan standard test access port that operates in accordance with IEEE Standard 1149.1-2013. It allows
monitoring and control of the device’s external I/O pins through a dedicated test port, and is controlled by an integrated test access port (TAP) controller.

Both channels A and B are equipped with their own TAP controller. This allows each channel to be tested individually, similar to a standalone device.

DRAM vendors may in addition use this test access port to gain access to proprietary test modes built into the device; this access will be provided through
vendor defined instructions as outlined in section 9.4.

9.1 Test Pins

Four dedicated pins are associated with the boundary scan test access port. The pins connect to each channel’'s TAP as illustrated in Figure 108 and

Ch A ChB

|TCK| |TMS|

TAP .. .« TAP
TMS |« \ 4 »1TMS
Instrt}ctlon TDO TDO Instn}ctlon
Register | Register
TTTTTTT TDI |« »| TDI ITTTTTT
A A
Y

T ¥

Figure 108. GDDR6 Dual TAP Controller Architecture

9.1.1 Test Clock (TCK)

The test clock is used only with the TAP controller. All inputs are captured on the rising edge of TCK. All outputs are driven from the falling edge of TCK.
TCK is common to both channels.

9.1.2 Test Mode Select (TMS)

Commands to the TAP controller are received through the test mode select input. An internal pull-up resistor ensures that an undriven input is latched as
a logic 1. TMS is common to both channels.

9.1.3 Test Data Input (TDI)

The pin is used to serially load test instructions and data into the registers and can be connected to the input of any register. The register between TDI
and TDO is selected by the instruction that is loaded into the TAP instruction register. An internal pull-up resistor ensures that an undriven input is latched
as a logic 1. TDI is connected to the most significant bit (MSB) of any register. TDI is connected to channel A’s test data input while channel B’s test data
input is internally connected to channel A’s test data output.

9.1.4 Test Data Output (TDO)

The pin is used to clock test instructions and data serially out of the registers. The TDO output driver is only active during the Shift-IR and Shift-DR TAP
controller states (see Figure 109) and is Hi-Z in all other states. The output changes on the falling edge of TCK. TDO is connected to the least significant
bit (LSB) of any register. TDO is connected to channel B’s test data output while channel A’s test data output is internally connected to channel B’s test

data input.
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9.2 Tap Controller

The TAP controller is a finite state machine that uses the logic level of the TMS pin at the rising edge of TCK to navigate through its various operating
modes as illustrated in Figure 109. The states are described subsequently. Actions of the test logic (e.g., data capture, shift or register updates) occur on

the next falling or rising TCK edge in each state.

Test-Logic-Reset j

1 Select- N1 » Select-
@( Run-Test/Idle )—’( DR-Scan ) 4N IR-Scan
A v0 v0

1 Capture-DR ) 1 Capture-IR

v0 30

Shift-DR @ Shift-IR
jL

vl v1

Exit1-DR Exit1-IR
v0 v0

Pause-DR @ ( Pause-IR
vl vl
Exi2DR ) i( Exit2-IR

vl ¥1
[ Update-DR j(* ( Update-IR

jl y0 )1 YO

Figure 109. TAP Controller

T QFEO T T

9.2.1 Test-Logic-Reset

The Test-Logic-Reset state is entered when TMS is held HIGH for at least five consecutive rising edges of TCK. As long as TMS remains HIGH, the TAP
controller remains in the test-logic-reset state, and the test logic is inactive during this state. The test-logic-reset state is also asynchronously entered
upon device initialization to prevent any false interaction with the functional I/O of the device when boundary scan mode operation is not desired.

9.2.2 Run-Test/Idle

Run-Test/Idle is a controller state in between scan operations. The state can be maintained by holding TMS LOW. From here, either the data register
scan, or subsequently, the instruction register scan can be selected.

9.2.3 Select-DR-Scan

This is a temporary controller state. All test data registers retain their state while here.

9.2.4 Capture-DR

This state is where data is parallel-loaded into the test data registers.

9.2.5 Shift-DR

Data is shifted serially through the data register while in this state. As new data is input through the TDI pin, data is shifted out of the TDO pin.

9.2.6 Exit1-DR, Pause-DR, and Exit2-DR

The purpose of Exit1-DR is to provide a path for return to the Run-Test/Idle state (through the Update-DR state). The Pause-DR state is entered when
there is a need to suspend data shifting through the test registers. When shifting is to reconvene, the controller enters the Exit2-DR state and can then re-
enter the Shift-DR state.

9.2.7 Update-DR

Data is parallel loaded from the shift register to the parallel output register on the falling edge of TCK in this controller state.

9.2.8 Instruction Register States

The instruction register states of the TAP controller are similar to the data register states. The desired instruction is shifted serially into the instruction
register during the Shift-IR state and is loaded during the Update-IR state.
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9.3 Tap Registers

Several registers are provided to serially load and scan out instructions and data through the TDI and TDO pins. Only a single register can be selected at
a time; the selection is determined by the active instruction and the TAP controller state.

The LSB (bit 0) of each register is located nearest to the serial output (TDO) and shifted out first.

9.3.1 Instruction (IR) Register

Eight-bit instructions (see Table 104) can be loaded serially into the instruction register. This register is loaded during the Update-IR state of the TAP
controller. The instruction register is loaded with the IDCODE instruction upon power-up or when the TAP controller is in the Test-Logic-Reset state.
When the TAP controller is in the Capture-IR state, the register is loaded with a hexadecimal 0x01 pattern to accommodate fault isolation of the board-
level serial test data path.

9.3.2 Bypass (BY) Register

The BY register is a single-bit register that can be placed between the TDI and TDO pins. This enables data shifting through the device with minimal
delay. The BY register is loaded with 0 in the Capture-DR controller state when the BYPASS, CLAMP or HIGH-Z instruction is executed.

9.3.3 Identification (ID) Register

The ID register contains a vendor specific 32-bit hardwired device identification code as shown in Figure 110. The register is loaded during the Capture-
DR state when the IDCODE command is loaded in the instruction register. The register is shifted out in the Shift-DR controller state. The manufacturer

identity field shall be programmed according to the latest revision of JEP106.

MSB LSB
31 2827 12 11 10
Version Part Number Maré%%ﬁgrer 1

Figure 110. Identification Register

9.3.4 Temperature (TR) Register

The 8-bit TR register is loaded with the binary readout of the device’s temperature sensor (see TEMPERA-TURE SENSOR section) in the Capture-DR
controller state when the TEMPERATURE instruction is loaded in the instruction register. The register is shifted out in the Shift-DR controller state.

9.3.5 Boundary Scan (BS) Register

The BS register is the primary test register that monitors and controls the data flow through the functional 1/0 of the device. The register is parallel-loaded
with the contents of the /0 when the TAP controller is in the Capture-DR state. It is then placed between the TDI and TDO pins when the controller is
moved to the Shift-DR state; in that state new test data are serially shifted in from the TDI pin while the captured pin state are shifted out on the TDO pin
at the same time.

Different types of boundary scan cells are associated with each device pin. Example implementations of boundary scan cells are shown in Figure 111.

Each input pin is equipped with an observe-only cell for input data capture. Differential clocks (CK, WCK) are equipped with an observe-only input cell on
both their true and complement inputs. Vgerc and ZQ pins are as well equipped with an observe-only cell; their scan result may be masked (ignored) if,

e.g., internal Vgggc is used. Shared pins CK_t/CK_c, Vgrgrc and RESET_n can be observed via both channel’'s TAP.

Each DQ pin is equipped with one combined input and output boundary scan cell. The cell performs the same function for input data capture as provided
for the input pins, and also holds the output data. An additional boundary scan cell per byte controls the output enable of the 8 DQs of that byte.

Each DBI_n and EDC pin is equipped with two boundary scan cells. The first cell is the same combined input and output boundary scan cell for input data
capture and output data as for a DQ pin. The second cell controls the output enable. It is pointed out that the input data capture on EDC pins is defined for
EDCO_B and EDC1_A only and should be masked (ignored) for EDCO_A and EDC1_B.

The boundary scan register of each channel has a fixed length of 48 for all densities, and the boundary scan cells are serially connected as outlined in
Table 103.
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Boundarv scan ShiftDR To next cell
input cel
r ______________________ A
| S :
|
I 0 D Q : Input
: 1 | Cell Devi
Input o | I P Device
ata  o—————A—— - [ ~ g{ﬁm
From previous cell ClockBSR
Boundary scan cell Mode ShiftDR To next cell
at bidirectional I/O Y Y
[ et D | Control
1+—{s | Cell
Out 111t > :,\_ 0 N 1
enable ! 1 4[’_@ :
: 0 D l
To/from | —{1 — :
device | N M~ |
logic ) H————f+————— —_
M =="""1 """~ T 1 L .
| —m | EN Device
Output | 01— A I \Y 1I/0
ata : _LW : pin
1
[ R, ) I Combined
[ I Tnput and
: 1 — : Output
tnput ¢ 1] \ .
ata €1 ————————1———3 f

A
From previous cell ClockBSR  UpdateBSR

Figure 111. Example Boundary Scan Cells
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[Table 103] Boundary Scan Register Bit Order

BIT BALL PIN BIT BALL TYPE PIN BIT BALL TYPE PIN
ChA | ChB | TYPE ChA ChB ChA | ChB

0 K-1 K-1 | VREFC 16 D-5 R-5 | WCKO_c 32 - - OE DQ[15:8]
1 J-1 J-1 | RESET_n 17 D-4 R-4 | WCKO_t 33 D-13 R-13 OE DBI1_n
2 J-5 K-5 | CABI_n 18 C-2 T-2 OE EDCO 34 D-13 R-13 I/0 DBI1_n
3 J-3 K-3 | CA9 19 C-2 T-2 1/10 EDCO 35 E-12 P-12 110 DQ12
4 J-4 K-4 | CA8 20 B-2 U-2 1/10 DQ3 36 E-13 P-13 110 DQ13
5 H-5 L-5 | CA4 21 B-3 U-3 110 DQ2 37 F-13 N-13 110 DQ14
6 G-4 M-4 | CA2 22 A-3 V-3 110 DQ1 38 G-13 M-13 110 DQ15
7 H-3 L-3 | CAO0 23 B-4 U-4 110 DQO 39 G-10 M-10 | CKE_n
8 G-5 M-5 | CA10 24 B-11 U-11 110 DQ8 40 G-11 M-11 | CA1

9 G-2 M-2 110 DQ7 25 A-12 V-12 110 DQ9 41 H-12 L-12 | CA3
10 F-2 N-2 110 DQ6 26 B-12 U-12 110 DQ10 42 H-10 L-10 | CA5
1" E-2 P-2 110 DQ5 27 B-13 U-13 110 DQ11 43 J-12 K-12 | CAG
12 E-3 P-3 110 DQ4 28 C-13 T-13 OE EDC1 44 J-11 K-11 | CA7
13 D-2 R-2 OE DBIO_n 29 C-13 T-13 1/10 EDC1 45 K-10 K-10 | CK_c
14 D-2 R-2 110 DBIO_n 30 D-10 R-10 | WCK1_c 46 J-10 J-10 | CK_t
15 - - OE DQJ7:0] 31 D-11 R-11 | WCK1_t 47 J-14 K-14 | ZQ

NOTE :

1) Register types: | = input cell; /O = combined input and output cell; OE = output enable control cell.

2) Bit order applies to both channels A and B.
3) Shared pins CK_t/CK_c, VREFC and RESET_n can be observed via both channel’s TAP.
4) Input data capture on EDC pins is defined for EDCO_B and EDC1_A only and should be masked (ignored) for EDCO_A and EDC1_B.
5) CA10 is only present in 24 Gb and 32 Gb densities. The input data capture on this input should be masked (i.e. ignored) in all lower densities where CA10 is not present.
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9.4 Tap Instruction Set

Table 104 summarizes the instructions supported by the TAP controller. Instruction codes not listed in the table may be used by the DRAM vendor for
vendor specific test instructions.

[Table 104] Boundary Scan Instructions

Instruction Op-Code Active Data Register Register Length
BYPASS 0x00 Bypass 1
SAMPLE/PRELOAD 0x01 Boundary Scan 48
IDCODE 0x02 Identification 32
CLAMP 0x04 Boundary Scan / Bypass 48 /1
HIGH-Z 0x08 Bypass 1
EXTEST 0x10 Boundary Scan 48
TEMPERATURE 0x20 Temperature 8
BYPASS OxFF Bypass 1

9.4.1 SAMPLE/PRELOAD

The SAMPLE/PRELOAD instruction provides two functions. The SAMPLE function allows a snapshot of the states of the device's input and output signals
to be taken without interfering with the system’s normal operation; the snapshot is taken and captured in the boundary scan register on the rising edge of
TCK when the TAP controller is in the Capture-DR state. The data can then be viewed by shifting through the device’s TDO output.

The PRELOAD function allows an initial data pattern to be placed at the latched parallel outputs of boundary scan register cells before the selection of
another boundary scan test operation, for example, before the selection of the EXTEST instruction. As soon as the EXTEST instruction has been trans-
ferred to the parallel output of the instruction register, the preloaded data are driven through the system output pins.

9.4.2IDCODE

The IDCODE instruction causes loading of a vendor-specific, 32-bit code into the identification register. It also places the identification register between
the TDI and TDO pins and enables shifting the IDCODE out of the device when the TAP controller enters the Shift-DR state. The IDCODE instruction is
loaded into the instruction register upon power-up or whenever the TAP controller is in the Test-Logic-Reset state.

9.4.3 CLAMP

The CLAMP instruction allows the state of the device’s output pins to be determined from the boundary scan register, while the bypass register is selected
as the serial path between TDI and TDO. Data in the boundary scan register may result from the previous use of the PRELOAD instruction. The signals
driven from the output pins do not change while the CLAMP instruction is selected.

9.4.4 HIGH-Z

The HIGH-Z instruction places all device output pins into a Hi-Z state; it causes the bypass register to be connected between TDI and TDO.

9.4.5 EXTEST

The EXTEST instruction allows testing of off-chip circuitry and board-level interconnections. Test data typically would be loaded onto the latched parallel
outputs of boundary scan shift-register stages using the PRELOAD instruction before selection of the EXTEST instruction.

When the EXTEST instruction is selected, the state of all signals driven from the device’s output pins changes only on the falling edge of TCK in the
Update-DR controller state, and the state of all signals received at the device’s input pins shall be loaded into the boundary scan register on the rising
edge of TCK in the Capture-DR controller state.

9.4.6 BYPASS

When the BYPASS instruction is loaded in the instruction register and the TAP is placed in a Shift-DR state, the bypass register is placed between TDI
and TDO. Please note that two op-codes are associated with the BYPASS instruction.

9.4.7 TEMPERATURE

The TEMPERATURE instruction provides an alternative method to read the device’s junction temperature at any time without interrupting the normal
mode operation. It places the temperature register between the TDI and TDO pins.

184 SAMSUNG



Rev. 1.3

K4Z80325BC GDDR6 SGRAM

9.5 Boundary Scan Operation

Figure 112 illustrates a typical boundary scan test port operating sequence. The TAP states correspond to those shown in Figure 109. The sequence
starts from the Test-Logic-Reset state. At first an instruction is serially loaded into the instruction register at clock edges T6 through T13 and latched in the
Update_IR state at T16. The TAP then advances to the data register states, to parallel-load test data into the test data register in the Capture-DR state at
T19, serially shift the test data in the Shift-DR state starting at T20, and finally to update the test data register’s parallel outputs in the Update-DR state at
T20+n.

It is pointed out that this example sequence refers to channel A or channel B separately. Any test pattern shift operation for a GDDR6 device is achieved
by serially connecting the test pattern for channels A and B in accordance with the internal connection between both TAPs as shown in Figure 108. As an
example, the 8-bit instruction registers of channel A and B are connected in series in the SHIFT_IR state. The 8-bit instruction code for channel B will be
shifted in first immediately followed by the 8-bit instruction code for channel A, resulting in a total of 16 shift operations to load both channel’s instruction
registers.

T0 T1 T2 T3 T4 T5 T6 T12 T13 T14
|

AYaWaW Al a W el el e
yem

{JCH rCL

WQQKM

IDS—» € > i« tTDH

TDI ' ‘ X Valid ><><ZZ\_/al_1dX:>< Valid X
<« | >

tTDS —p ‘€ tTDH
TDO
(@
P
TAP /r "
est-Logic-y/ Run-Test/ Y Select-DR-Y Select-IR- . . . .
State Rese% Idle Scan Scan Capture-IRX Shift-IR X Shift-IR Shift-IR Exitl-IR Pause-IR >
8-bit Instruction Code
< >
T15 T16 T17 T18 T19 T20 T18+n T19+n T20+n T21+n

OO

TDO Valid Valid X Valid
7 ! '
TAP «
. Select-DR- . . V . . Run-Test/
State Exit2-IR X Update-IR Scan Capt‘ure—DI% Shift-DR  AShift-DR, \X Shift-DR X Exitl-DR XUpdate-DR Idle >
n-bit Data Register
i .
<

I:I Don't Care

Figure 112. Example Boundary Scan Operation
NOTE :
1) trov = 0 is shown for illustration purposes.
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[Table 105] Boundary Scan AC Electrical Characteristics

PARAMETER/CONDITION SYMBOL MIN MAX UNIT
TCK clock cycle time trek 20 - ns
TCK clock HIGH-level width tren 0.45 - trek
TCK clock LOW-level width treL 0.45 - trek
TDI, TMS input setup time to rising TCK edge tros 25 - ns
TDI, TMS input hold time from rising TCK edge troH 25 - ns
TDO output hold time from falling TCK edge troH 0 - ns
TDO output valid time from falling TCK edge trov - 5 ns
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9.6 Interactions Between Boundary Scan And Normal Device Operation

Boundary scan operation may be initiated at any time after all voltages are stable (step 3 of the power-up sequence). Interactions between normal device
operation and boundary scan operation depend on the selected scan instruction (see Table 104):

Instructions BYPASS, IDCODE, TEMPERATURE and SAMPLE/PRELOAD can be loaded and executed in parallel with normal device operation.
The state of the high speed pins is not impacted by these scan instructions, and all commands are executed as normal. It is pointed out that the
SAMPLE function of the SAMPLE/PRELOAD instruction is not supported; any data sampled with this instruction shall be ignored.

Instructions EXTEST, CLAMP and HIGH-Z take control of the high speed pins and therefore cannot be executed in parallel with normal device
operation. The device disables the respective channel’s command decoder, terminates all ongoing command executions and forces the respective
channel into reset state once one of these instructions is loaded into the instruction register.

Once boundary scan operation has been completed, the device may return to normal operation without cycling through power-off and power-on by

following this sequence:

1. Assert RESET_n to LOW.

2. Terminate boundary scan operation by setting the TAP controller back to Test-Logic-Reset state; this state will load the IDCODE instruction into
the instruction register, enable the command decoder and release control of the high speed pins.

3. Maintain RESET_n LOW for a minimum time of tgres, then continue with step 3 of the initialization with stable power sequence
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