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Aicron

576Mb: x9 x18 x36 CIO RLDRAM 2
INITIALIZATION

Figure 19: Power-Up/Initialization Flow Chart
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WRITE

Note: 1. The sequence of the eight AUTO REFRESH commands (with respect to the 1,024 NOP
commands) does not matter. As is required for any operation, tRC must be met between
an AUTO REFRESH command and a subsequent VALID command to the same bank.

WRITE

Figure 20: WRITE Burst
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TRANSITIONING DATA V/A DON'T CARE

Notes: 1. Dl an = data-in for bank a and address n; subsequent elements of burst are applied fol-
lowing DI an.
2. BL=4.
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WRITE

Figure 21: Consecutive WRITE-to-WRITE

COMMAND

ADDRESS

TRANSITIONING DATA DON'T CARE

1. Dl an (or bn) = data-in for bank a (or b) and address n.

2. Three subsequent elements of the burst are applied following DI for each bank.

3. BL=4.

4. Each WRITE command may be to any bank; if the second WRITE is to the same bank,
tRC must be met.

5. Nominal conditions are assumed for specifications not defined.

Notes:
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WRITE

Figure 22: WRITE-to-READ

_____

COMMAND D<WR”E ><U]])< Xﬂ]ﬂx ReA> W W XI]]]JX wor (T wor XX vor I
ADDRESSMBaJkaW &@X%‘SSW WDz
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DON'T CARE . TRANSITIONING DATA

Notes: 1. DIl an = data-in for bank a and address n.
2. DO bn = data-out from bank b and address n.
3. Two subsequent elements of each burst follow DI an and DO bn.
4. BL=2.
5. Nominal conditions are assumed for specifications not defined.
PDF: 09005aef80fe62fb 49 Micron Technology, Inc. reserves the right to change products or specifications without noti:Z:

576Mb_RLDRAM_2_CIO_D1.pdf - Rev. M 09/15 © 2015 Micron Technology, Inc. All rights reserv



A{(!? ICron 576Mb: x9 x18 x36 CIO RLDRAM 2

WRITE

Figure 23: WRITE-to-READ (Separated by Two NOPs)
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tDH tQKQ (MIN)

TRANSITIONING DATA DON'T CARE

Notes: 1. DIl an = data-in for bank a and addressn.
2. DO bn = data-out from bank b and address n.
3. One subsequent element of each burst follow both DI an and DO bn.
4. BL=2.
5. Only one NOP separating the WRITE and READ would have led to contention on the da-
ta bus because of the input and output data timing conditions being used.
6. Nominal conditions are assumed for specifications not defined.
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WRITE

Figure 24: WRITE - DM Operation
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s J LtDH |
. TRANSITIONING DATA DON'T CARE
Notes: 1. DIl an = data-in for bank a and address n.
2. Subsequent elements of burst are provided on following clock edges.
3. BL=4.
4. Nominal conditions are assumed for specifications not defined.
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READ

Figure 25: Basic READ Burst Timing
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TRANSITIONING DATA n DON'T CARE

1. DO an = data-out from bank a and address an.

2. Three subsequent elements of the burst are applied following DO an.
3. BL=4.
4

. Nominal conditions are assumed for specifications not defined.
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READ

Figure 26: Consecutive READ Bursts (BL = 2)

TO T1 T2 T3 T4n
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Bank a Bank b Bank ¢ Bank d
ADDRESS Add Add n W Add n W Add n W

RL=4

,,,,,,,,,,,,,,, Neo oo

TRANSITIONING DATA DON'T CARE

Notes:

1. DO an (or bn or cn) = data-out from bank a (or bank b or bank ¢) and address n.
2. One subsequent element of the burst from each bank appears after each DO x.
3. Nominal conditions are assumed for specifications not defined.

4. Example applies only when READ commands are issued to same device.

5

. Bank address can be to any bank, but the subsequent READ can only be to the same
bank if tRC has been met.

Data from the READ commands to bank d through bank g will appear on subsequent
clock cycles that are not shown.

o

Figure 27: Consecutive READ Bursts (BL = 4)
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ADDRESS

QVLD
QK#
QK
DQ

TRANSITIONING DATA DON'T CARE

Notes: 1. DO an (or bn) = data-out from bank a (or bank b) and address n.

2. Three subsequent elements of the burst from each bank appears after each DO x.
3. Nominal conditions are assumed for specifications not defined.

4. Example applies only when READ commands are issued to same device.

5

. Bank address can be to any bank, but the subsequent READ can only be to the same
bank if tRC has been met.

Data from the READ commands to banks ¢ and d will appear on subsequent clock cycles
that are not shown.

o
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Figure 28: READ-to-WRITE
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COMMAND B)< READ ><U:m:|:|:|)< NOP WRITE
Bank a, Bank b,
ADDRESS Add n Add n

|
QuLD : ‘
|
|

1 1
0o (X >l o T ¢ )
TRANSITIONING DATA DON'T CARE

. DO an = data-out from bank a and address n.
. DI bn = data-in for bank b and address n.

Notes: 1
2
3. Three subsequent elements of each burst follow DI bn and each DO an.
4
5

. BL=4.
. Nominal conditions are assumed for specifications not defined.
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READ

Figure 29: Read Data Valid Window for x9 Device

tqup! tQHp! tqHp! I
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1 oy 1 N 1 \1, Y

DQO

DQ8
DQ (last valid data)

DQ (first valid data)

All DQs and QKs collectively

Notes: 1. 'QHP is defined as the lesser of tQKH or 'QKL.
2. 'QKQO is referenced to DQO-DQS8.

3. Minimum data valid window (‘DVW) can be expressed as 'QHP - ({QKQx [MAX] + [f\QKQx
[MIN])).
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READ

Figure 30: Read Data Valid Window for x18 Device
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Notes: 1. 'QHP is defined as the lesser of tQKH or 'QKL.
tQKQO is referenced to DQO-DQS8.
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3. Minimum data valid window (*DVW) can be expressed as '\QHP - ({QKQx [MAX] + |
tQKQx [MIN])).

4. 'QKQ1 is referenced to DQ9-DQ17.

5. 'QKQ takes into account the skew between any QKx and any DQ.
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Figure 31: Read Data Valid Window for x36 Device
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3. Minimum data valid window, 'DVW, can be expressed as 'QHP - ({QKQx [MAX] + [{QKQx
[MIN]).

4. 'QKQ1 is referenced to DQ18-DQ35.

5. 'QKQ takes into account the skew between any QKx and any DQ.
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AUTO REFRESH

Figure 32: AUTO REFRESH Cycle
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commann X arerx X(//)X AReFy %@( acx XX aey X,

{
ADDRESS
/)

y
|
. i

tRC ‘

Indicates a break in  [///] DON'T CARE
ZZ time scale

Notes: 1. AREFx = auto refresh command to bank x.
2. ACx = any command to bank x; ACy = any command to bank y.
3. BAx = bank address to bank x; BAy = bank address to bank y.
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On-Die Termination

Figure 33: READ Burst with ODT

CK#
K
COMMAND

ADDRESS | Bank a, \/

DQ ODT on

DQ ODT on

DQ ODT on

TRANSITIONING DATA DON'T CARE

Notes: 1. DO an = data out from bank a and address n.
2. DO an is followed by the remaining bits of the burst.
3. Nominal conditions are assumed for specifications not defined.
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Figure 34: READ-NOP-READ with ODT

COMMAND I><READ>®<WRITE>®< NOP><]:|:D<NOPWNOPWNOPWNOPWNOPWNOPN T
| | |
|

ADDRESS :d"dk:Widek%|||||||||||||||||||||||||||||||||| N

RL=4

DKx# ___

[
[
[
\
|
—
|

DKx
|
DQ
QKx ---
QKx#
oDT ODT on >'/.<ODT off >A< ODT on
TRANSITIONING DATA @ UNDEFINED |:|:|:|] DON'T CARE
Notes: 1. DO an (or bn) = data-out from bank a (or bank b) and address n.
2. BL=2.
3. One subsequent element of the burst appear after DO an and DO bn.
4. Nominal conditions are assumed for specifications not defined.
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Figure 35: READ-to-WRITE with ODT

ks T Tan T5 o T6 Ten 17
o X U A XA
COMMAND D)< READ W NOP ><@I|>< READ W NOP NOP NOP ><(]:|:ﬂ>< NOP ><(|Iﬂ>< NOP NOP
[ [ |
aooress [ gt W [[LL T ek > Ty
RL=4
W X T C O T )
QVLD
bQ X% XY
DQ ODT DQ ODT on ¢ paoptoft ){ DQobTon »{ DQODToff ) DQODTon
TRANSITIONING DATA DON'T CARE
Notes: 1. DO an = data-out from bank a and address n; DI bn = data-in for bank b and address n.
2. BL=2.
3. One subsequent element of each burst appears after each DO an and DI bn.
4. Nominal conditions are assumed for specifications not defined.
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Multiplexed Address Mode

Figure 36: Command Description in Multiplexed Address Mode

READ WRITE MRS REF

ADDRESS /////////// /////////// /////////// ‘ ‘
2 T)@ I TSI T @ TIIIL TS I

[m] DON'T CARE

Note: 1. The minimum setup and hold times of the two address parts are defined 'AS and tAH.
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Figure 37: Power-Up/Initialization Sequence in Multiplexed Address Mode

sosvess LLIITTITITTATTATTATTATTATTATTATTATATTAITE
- T )
o % ]
L | [ ] A | e |
Power-up:
Vdd and stable
clock (CK, CK#) EZ Llni.eci:: break in DON'T CARE
Notes: 1. Recommended that all address pins held low during dummy MRS commands.

2. A10-A18 must be LOW.

3. Set address A5 HIGH. This enables the part to enter multiplexed address mode when in
non-multiplexed mode operation. Multiplexed address mode can also be entered at
some later time by issuing an MRS command with A5 HIGH. Once address bit A5 is set
HIGH, tMRSC must be satisfied before the two-cycle multiplexed mode MRS command is
issued.

4. Address A5 must be set HIGH. This and the following step set the desired mode register
once the device is in multiplexed address mode.

5. Any command or address.

6. The above sequence must be followed in order to power up the device in the multi-
plexed address mode.

7. DLL must be reset if *CK or Vpp are changed.

8. CK and CK# must separated at all times to prevent bogus commands from being issued.

9. The sequence of the eight AUTO REFRESH commands (with respect to the 1,024 NOP
commands) does not matter. As is required for any operation, 'RC must be met between
an AUTO REFRESH command and a subsequent VALID command to the same bank.
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Figure 38: Mode Register Definition in Multiplexed Address Mode

Ax[A18 ... A10[A9] A8 As| A4 A3 A0
Ay |A18 ... A10 A9| A8 A4l A3
18-10 5/ 8/1/6/5 3/2/1 Mode Register (Vi)
| Reserved! |ODT| IM |DLL|NA5|AM| BL | Config
M9 |On-Die Termination M2 M1 Mo | Configuration
0 Off (default) 0 0 0| 12(default)
1 On 0 0 1 12
0 1 0 2
1 0 1 1 3
M8 |  Drive Impedance M7 DLL Reset 1.0 0 2
0 [internal 5003 (defautt)| | 0 |DLLreset? (default) 1.0 1 >
1 External (ZQ) 1 DLL enabled 1 1 0 Reserved
1 1 1 Reserved
!
M5 Address MUX NL M3 | Burst Length
0 | Nonmultiplexed (default) 0 0 | 2(default)
1 Multiplexed 0o 1 4
10 8
1 1 Reserved
Notes: 1. Bits A10-A18 must be set to zero.
2. BL =8 is not available.
3. *£30% temperature variation.
4. DLL RESET turns the DLL off.
5. Ay8 not used in MRS.
6. BAO-BA2 are “Don’t Care.”
7. Addresses AQ, A3, A4, A5, A8, and A9 must be set as shown in order to activate the
mode register in the multiplexed address mode.
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Address Mapping in Multiplexed Address Mode

Table 24: 576MMib Address Mapping in Multiplexed Address Mode

Data | Burst Address

Width | Length | Ball A0 A3 A4 A5 A8 A9 A10 A13 A14 A17 A18
x36 2 Ax A0 A3 A4 A5 A8 A9 A10 A13 A14 A17 A18
Ay X Al A2 X Ab A7 A19 A1 A12 A16 A15
4 Ax A0 A3 A4 A5 A8 A9 A10 A13 A14 A17 A18
Ay X Al A2 X Ab A7 X A1 A12 A16 A15

8 Ax A0 A3 A4 A5 A8 A9 A10 A13 A14 A17 X
Ay X Al A2 X Ab A7 X A1 A12 A16 A15
x18 2 Ax A0 A3 A4 A5 A8 A9 A10 A13 A14 A17 A18
Ay A20 Al A2 X Ab A7 A19 A1 A12 A16 A15
4 Ax A0 A3 A4 A5 A8 A9 A10 A13 A14 A17 A18
Ay X Al A2 X Ab A7 A19 A1 A12 A16 A15
8 Ax A0 A3 A4 A5 A8 A9 A10 A13 A14 A17 A18
Ay X Al A2 X Ab A7 X A1 A12 A16 A15
x9 2 Ax A0 A3 A4 A5 A8 A9 A10 A13 Al4 A17 A18
Ay A20 Al A2 A21 A6 A7 A19 A1 A12 A16 A15
4 Ax A0 A3 A4 A5 A8 A9 A10 A13 Al4 A17 A18
Ay A20 A1l A2 X A6 A7 A19 A1 A12 A16 A15
8 Ax A0 A3 Al A5 A8 A9 A10 A13 Al4 A17 A18
Ay X Al A2 X A6 A7 A19 A1 A12 Al16 A15

Note: 1. X="Don’'t Care.”

Configuration Tables in Multiplexed Address Mode

In multiplexed address mode, read and write latencies increase by one clock cycle, but
device cycle time remains the same as when in non-multiplexed address mode.

Table 25: Cycle Time and READ/WRITE Latency Configuration Table in Multiplexed Mode

Notes 1-2 apply to the entire table

Configuration
Parameter 13 2 3 434 5 Units
RC 4 6 8 3 5 tCK
RL 5 7 9 4 6 tCK
WL 6 8 10 5 7 tCK
Valid frequency range 266-175 400-175 533-175 200-175 333-175 MHz

Notes: 1. 'RC <20ns in any configuration is only available with -25E and -18 speed grades.
2. Minimum operating frequency for -18 is 370 MHz.
3. BL=28is not available.
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4. Minimum RC is typically 3 cycles, except for a WRITE followed by a READ to the same
bank; then, the minimum RC is 4 cycles.

REFRESH Command in Multiplexed Address Mode

Similar to other commands when in multiplexed address mode, AREF is executed on
the rising clock edge following the one on which the command is issued. However, since
only the bank address is required for AREE the next command can be applied on the
following clock. The operation of the AREF command and any other command is repre-
sented in the following figure.

Figure 39: Burst REFRESH Operation with Multiplexed Addressing

O 16701 1 01 1) 1)1 1 1, 1)
sooves IR I D

e 1 e ) ol oy e s
I -
DON'T CARE

Notes: 1. Any command.
2. Bank nis chosen so that RC is met.

Figure 40: Consecutive WRITE Bursts with Multiplexed Addressing

COMMAND

ADDRESS

BANK

DK#
DK

D

fo)

D

<

| |
TR R RS O BE O BE D BE I FE W B
| |
TP AoCET TN LADA AN LA AN LA AD
TRANSITIONING DATA DON'T CARE

Notes: 1. Data from the second WRITE command to bank a will appear on subsequent clock cycles
that are not shown.

2. DI a = data-in for bank a; DI b = data-in for bank b.
3. Three subsequent elements of the burst are applied following DI for each bank.
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Multiplexed Address Mode

4. Each WRITE command may be to any bank; if the second WRITE is to the same bank, tRC
must be met.

Figure 41: WRITE-to-READ with Multiplexed Addressing
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TRANSITIONING DATA DON'T CARE
Notes: 1. DI a = data-in for bank a.
2. DO b = data-out from bank b.
3. One subsequent element of each burst follows DI a and DO b.
4. BL=2.
5. Nominal conditions are assumed for specifications not defined.
6. Bank address can be to any bank, but the subsequent READ can only be to the same
bank if tRC has been met.
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Multiplexed Address Mode

Figure 42: Consecutive READ Bursts with Multiplexed Addressing

COMMAND

ADDRESS

BANK
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QK#
QK

-

TRANSITIONING DATA DON'T CARE

Notes: 1. DO a = data-out from bank a.

2. Nominal conditions are assumed for specifications not defined.

3. BL=4.

4. Three subsequent elements of the burst appear following DO a.

5. Example applies only when READ commands are issued to same device.
6

. Bank address can be to any bank, but the subsequent READ can only be to the same
bank if tRC has been met.

7. Data from the READ commands to banks b through bank d will appear on subsequent
clock cycles that are not shown.

Figure 43: READ-to-WRITE with Multiplexed Addressing
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Multiplexed Address Mode

Notes: 1. DO an = data-out from bank a.

2. DI bn = data-in for bank b.

3. Nominal conditions are assumed for specifications not defined.

4. BL=4.

5. Three subsequent elements of the burst are applied following DO an.

6. Three subsequent elements of the burst which appear following DI bn are not all
shown.

7. Bank address can be to any bank, but the WRITE command can only be to the same
bank if tRC has been met.
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IEEE 1149.1 Serial Boundary Scan (JTAG)

The device incorporates a serial boundary-scan test access port (TAP) for the purpose of
testing the connectivity of the device once it has been mounted on a printed circuit
board (PCB). As the complexity of PCB high-density surface mounting techniques in-
creases, the boundary-scan architecture is a valuable resource for interconnectivity de-
bug. This port operates in accordance with IEEE Standard 1149.1-2001 (JTAG) with the
exception of the ZQ pin. To ensure proper boundary-scan testing of the ZQ pin, MRS bit
M8 needs to be set to 0 until the JTAG testing of the pin is complete.

Note: Upon power up, the default state of MRS bit M8 is LOW.

If the device boundary scan register is to be used upon power up and prior to the initial-
ization of the device, it is imperative that the CK and CK# pins meet Vip ) or CS# be
held HIGH from power up until testing. Not doing so could result in inadvertent MRS
commands being loaded, and subsequently causing unexpected results from address
pins that depend on the state of the mode register. If these measures cannot be taken,
the part must be initialized prior to boundary scan testing. If a full initialization is not
practical or feasible prior to boundary scan testing, a single MRS command with de-
sired settings may be issued instead. After the single MRS command is issued, the
MRSC parameter must be satisfied prior to boundary scan testing.

The input signals of the test access port (TDI, TMS, and TCK) use V pp as a supply, while
the output signal of the TAP (TDO) uses Vppg.

The JTAG test access port uses the TAP controller on the device, from which the instruc-
tion register, boundary scan register, bypass register, and ID register can be selected.
Each of these TAP controller functions is described here.

Disabling the JTAG Feature

It is possible to operate RLDRAM without using the JTAG feature. To disable the TAP
controller, TCK must be tied LOW (V) to prevent clocking of the device. TDI and TMS
are internally pulled up and may be unconnected. They may alternately be connected
to Vpp through a pull-up resistor. TDO should be left unconnected. Upon power-up, the
device will come up in a reset state, which will not interfere with the operation of the
device.

Test Access Port (TAP)

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.

Test Mode Select (TMS)

The TMS input is used to give commands to the TAP controller and is sampled on the
rising edge of TCK.

All of the states in the TAP Controller State Diagram figure are entered through the serial
input of the TMS pin. A 0 in the diagram represents a LOW on the TMS pin during the
rising edge of TCK while a 1 represents a HIGH on TMS.
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TAP Controller

The TDI ball is used to serially input test instructions and data into the registers and can
be connected to the input of any of the registers. The register between TDI and TDO is
chosen by the instruction that is loaded into the TAP instruction register. For informa-
tion on loading the instruction register, see the TAP Controller State Diagram. TDI is
connected to the most significant bit (MSB) of any register (see the TAP Controller Block
Diagram).

Test Data-Out (TDO)

TAP Controller

Test-Logic-Reset

Run-Test/Idle

Select-DR-Scan

Capture-DR

Shift-DR

The TDO output ball is used to serially clock test instructions and data out from the reg-
isters. The TDO output driver is only active during the Shift-IR and Shift-DR TAP con-
troller states. In all other states, the TDO pin is in a High-Z state. The output changes on
the falling edge of TCK. TDO is connected to the least significant bit (LSB) of any regis-
ter (see the TAP Controller Block Diagram).

The TAP controller is a finite state machine that uses the state of the TMS pin at the ris-
ing edge of TCK to navigate through its various modes of operation. See the TAP Con-
troller State Diagram.

The test-logic-reset controller 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 will
remain in the test-logic-reset state. The test logic is inactive during this state.

The run-test/idle is a controller state in-between scan operations. This state can be
maintained by holding TMS LOW. From here, either the data register scan, or subse-
quently, the instruction register scan, can be selected.

Select-DR-scan is a temporary controller state. All test data registers retain their previ-
ous state while here.

The capture-DR state is where the data is parallel-loaded into the test data registers. If
the boundary scan register is the currently selected register, then the data currently on
the pins is latched into the test data registers.

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.
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TAP Controller

Exit1-DR, Pause-DR, and Exit2-DR

The purpose of exit1-DR is to provide a path to return back to the run-test/idle state
(through the update-DR state). The pause-DR state is entered when the shifting of data
through the test registers needs to be suspended. When shifting is to reconvene, the
controller enters the exit2-DR state and then can re-enter the shift-DR state.

Update-DR

When the EXTEST instruction is selected, there are latched parallel outputs of the boun-
dary-scan shift register that only change state during the update-DR controller state.

Instruction Register States
The instruction register states of the TAP controller are similar to the data register

states. The desired instruction is serially shifted into the instruction register during the
shift-1R state and is loaded during the update-IR state.

Figure 44: TAP Controller State Diagram

DR-scan
0
]
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Select
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Performing a TAP RESET

Figure 45: TAP Controller Block Diagram
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Note: 1. x =112 for all configurations.

Performing a TAP RESET

ATAP reset is performed by forcing TMS HIGH (Vppq) for five rising edges of TCK. This
RESET does not affect the operation of the device and may be performed during device
operation. At power-up, the TAP is reset internally to ensure that TDO comes up in a
High-Z state.

TAP Registers

Registers are connected between the TDI and TDO balls and allow data to be scanned
into and out of the device test circuitry. Only one register can be selected at a time
through the instruction register. Data is loaded serially into the TDI ball on the rising
edge of TCK. Data is output on the TDO ball on the falling edge of TCK.

Instruction Register

Eight-bit instructions can be loaded serially into the instruction register. This register is
loaded during the update-IR state of the TAP controller. Upon power-up, the instruction
register is loaded with the IDCODE instruction. It is also loaded with the IDCODE in-
struction if the controller is placed in a reset state as described in Performing a TAP Re-
set.

When the TAP controller is in the capture-IR state, the two least significant bits are loa-
ded with a binary 01 pattern to allow for fault isolation of the board-level serial test data
path.

Bypass Register

To save time when serially shifting data through registers, it is sometimes advantageous
to skip certain chips. The bypass register is a single-bit register that can be placed be-
tween the TDI and TDO balls. This allows data to be shifted through the device with
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TAP Instruction Set

minimal delay. The bypass register is set LOW (Vgg) when the BYPASS instruction is exe-
cuted.

Boundary Scan Register

The boundary scan register is connected to all the input and bidirectional balls on the
device. Several balls are also included in the scan register to reserved balls. The
RLDRAM has a 113-bit register.

The boundary scan register is loaded with the contents of the RAM I/0 ring when the
TAP controller is in the capture-DR state and is then placed between the TDI and TDO
balls when the controller is moved to the shift-DR state.

The Boundary Scan (Exit) Order table shows the order in which the bits are connected.
Each bit corresponds to one of the balls on the device package. The most significant bit
of the register is connected to TDI, and the least significant bit is connected to TDO.

Identification (ID) Register

The ID register is loaded with a vendor-specific, 32-bit code during the capture-DR
state when the IDCODE command is loaded in the instruction register. The IDCODE is
hardwired into the device and can be shifted out when the TAP controller is in the shift-
DR state. The ID register has a vendor code and other information described in the
Identification Register Definitions table.

TAP Instruction Set

Many different instructions (28) are possible with the 8-bit instruction register. All com-
binations currently implemented are listed in the table here, followed by detailed de-
scriptions. Remaining possible instructions are reserved and should not be used.

The TAP controller used in this device is fully compliant to the 1149.1 convention.

Instructions are loaded into the TAP controller during the shift-IR state when the in-
struction register is placed between TDI and TDO. During this state, instructions are
shifted through the instruction register through the TDI and TDO balls. To execute an
instruction once it is shifted in, the TAP controller must be moved into the update-IR
state.

Table 26: Instruction Codes

Instruction Code Description

Extest 0000 0000 |Captures I/O ring contents; Places the boundary scan register between TDI and TDO; This
operation does not affect RLDRAM operations

ID code 0010 0001 |Loads the ID register with the vendor ID code and places the register between TDI and
TDO; This operation does not affect RLDRAM operations

Sample/preload 0000 0101 |Captures I/O ring contents; Places the boundary scan register between TDI and TDO

Clamp 0000 0111 |Selects the bypass register to be connected between TDI and TDO; Data driven by out-
put balls are determined from values held in the boundary scan register

High-Z 0000 0011 |Selects the bypass register to be connected between TDI and TDO; All outputs are forced
into High-Z
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Table 26: Instruction Codes (Continued)

Instruction

Code Description

Bypass

1111 1111 |Places the bypass register between TDI and TDO; This operation does not affect RLDRAM
operations

EXTEST

IDCODE

High-Z

CLAMP

The EXTEST instruction allows circuitry external to the component package to be tes-
ted. Boundary-scan register cells at output balls are used to apply a test vector, while
those at input balls capture test results. Typically, the first test vector to be applied using
the EXTEST instruction will be shifted into the boundary scan register using the PRE-
LOAD instruction. Thus, during the update-IR state of EXTEST, the output driver is
turned on, and the PRELOAD data is driven onto the output balls.

The IDCODE instruction causes a vendor-specific, 32-bit code to be loaded into the in-
struction register. It also places the instruction register between the TDI and TDO balls
and allows the IDCODE to be shifted 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 given a test logic reset state.

The High-Z instruction causes the boundary scan register to be connected between the
TDI and TDO. This places all RLDRAM outputs into a High-Z state.

When the CLAMP instruction is loaded into the instruction register, the data driven by
the output balls are determined from the values held in the boundary scan register.

SAMPLE/PRELOAD

When the SAMPLE/PRELOAD instruction is loaded into the instruction register and the
TAP controller is in the capture-DR state, a snapshot of data on the inputs and bidirec-
tional balls is captured in the boundary scan register.

The user must be aware that the TAP controller clock can only operate at a frequency up
to 50 MHz, while the RLDRAM clock operates significantly faster. Because there is a
large difference between the clock frequencies, it is possible that during the capture-DR
state, an input or output will undergo a transition. The TAP may then try to capture a
signal while in transition (metastable state). This will not harm the device, but there is
no guarantee as to the value that will be captured. Repeatable results may not be possi-
ble.

To ensure that the boundary scan register will capture the correct value of a signal, the
RLDRAM signal must be stabilized long enough to meet the TAP controller’s capture
setup plus hold time (‘CS plus 'CH). The RLDRAM clock input might not be captured
correctly if there is no way in a design to stop (or slow) the clock during a SAMPLE/
PRELOAD instruction. If this is an issue, it is still possible to capture all other signals
and simply ignore the value of the CK and CK# captured in the boundary scan register.
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Once the data is captured, it is possible to shift out the data by putting the TAP into the
shift-DR state. This places the boundary scan register between the TDI and TDO balls.

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. The advantage
of the BYPASS instruction is that it shortens the boundary scan path when multiple de-
vices are connected together on a board.

Reserved for Future Use

The remaining instructions are not implemented but are reserved for future use. Do not
use these instructions.

Figure 46: JTAG Operation - Loading Instruction Code and Shifting Out Data
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Figure 47: TAP Timing
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Table 27: TAP Input AC Logic Levels

+0°C < Tc < +95°C; +1.7V < Vpp < +1.9V, unless otherwise noted

Description Symbol Min Max Units
Input high (logic 1) voltage V4 Vges + 0.3 - Vv
Input low (logic 0) voltage VL - Vger - 0.3 Y,

Table 28: TAP AC Electrical Characteristics

Description Symbol Min Max Units
Clock

Clock cycle time THTH 20 ns
Clock frequency TF 50 MHz
Clock HIGH time THTL 10 ns
Clock LOW time TLTH 10 ns
TDI/TDO times

TCK LOW to TDO unknown TLOX 0 ns
TCK LOW to TDO valid TLOV 10 ns
TDI valid to TCK HIGH 'DVTH 5 ns
TCK HIGH to TDI invalid TTHDX 5 ns
Setup times

TMS setup TMVTH 5 ns
Capture setup tcs 5 ns
Hold times

TMS hold THMX 5 ns
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Table 28: TAP AC Electrical Characteristics (Continued)

Description

Symbol

Max

Units

Capture hold

tCH

ns

Table 29: TAP DC Electrical Characteristics and Operating Conditions

Notes:

1.

All voltages referenced to Vss (GND).
+0°C < Tc £ +95°C; +1.7V £ Vpp < +1.9V

boundary scan register.

+0°C < Tc < +95°C; +1.7V < Vpp < +1.9V, unless otherwise noted

. 'CS and tCH refer to the setup and hold time requirements of latching data from the

Sym-
Description Condition bol Min Max Units | Notes
Input hlgh (lOgIC 1) VIH VREF +0.15 VDD +0.3 Vv 1, 2
voltage
Input low (|Og|C 0) V||_ VSSQ -0.3 VREF -0.15 \ 1,2
voltage
Input leakage current 0V < V|y < Vpp Iy -5.0 5.0 A
Output leakage cur- | Output disabled, 0V < V|y < Vppq lLo -5.0 5.0 A
rent
Output low voltage loLc = T00pA Vori 0.2 Y, 1
Output low voltage loLt = 2MA Vo2 0.4 Vv 1
Output hlgh VOItage |IOHC| = 100[JA VOH1 VDDQ -0.2 Vv 1
Output high voltage [lont| = 2mA VoH2 Vppq - 0.4 Vv 1

Table 30: Identification Register Definitions

Notes:

1. All voltages referenced to Vss (GND).

2. Overshoot = Viyac) < Vpp + 0.7V for t < 'CK/2; undershoot = V) (ac) 2 0.5V for t < 'CK/2;
during normal operation, Vppq must not exceed Vpp.

Instruction Field

All Devices

Description

Revision number (31:28) abcd ab = 00 for Die Rev. A, 01 for Die Rev. B
cd =00 for x9, 01 for x18, 10 for x36
Device ID (27:12) 00jkidef10100111 |def = 000 for 288Mb, 001 for 576Mb
i =0 for common I/O, 1 for separate 1/0
jk =01 for RLDRAM 2, 00 for RLDRAM
Micron JEDEC ID code (11:1) 00000101100 Allows unique identification of RLDRAM vendor

(0)

ID register presence indicator

1

Indicates the presence of an ID register

Table 31: Scan Register Sizes

Register Name

Bit Size

Instruction

8
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Table 31: Scan Register Sizes (Continued)

Register Name Bit Size
Bypass 1

ID 32
Boundary scan 113

Table 32: Boundary Scan (Exit) Order

Bit# Ball Bit# Ball Bit# Ball
1 K1 39 R11 77 1
2 K2 40 R11 78 C11
3 L2 41 P11 79 c10
4 L1 42 P11 80 C10
5 M1 43 P10 81 B11
6 M3 44 P10 82 B11
7 M2 45 N11 83 B10
8 N1 46 N11 84 B10
9 P1 47 N10 85 B3
10 N3 48 N10 86 B3
11 N3 49 P12 87 B2
12 N2 50 N12 88 B2
13 N2 51 M11 89 a3
14 P3 52 M10 90 a3
15 P3 53 M12 91 c2
16 P2 54 L12 92 c2
17 P2 55 L11 93 D3
18 R2 56 K11 94 D3
19 R3 57 K12 95 D2
20 T2 58 J12 96 D2
21 T2 59 J1 97 E2
22 T3 60 H11 98 E2
23 T3 61 H12 99 E3
24 U2 62 G12 100 E3
25 u2 63 G10 101 F2
26 us3 64 G11 102 F2
27 us3 65 E12 103 F3
28 V2 66 F12 104 F3
29 u10 67 F10 105 E1
30 u10 68 F10 106 F1
31 (VAN 69 F11 107 G2
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Table 32: Boundary Scan (Exit) Order (Continued)

Bit# Ball Bit# Ball Bit# Ball
32 U1 70 F11 108 G3
33 T10 71 E10 109 G1
34 T10 72 E10 110 H1
35 T 73 E11 111 H2
36 T 74 E11 112 J2
37 R10 75 D11 113 1
38 R10 76 D10 - -

Note: 1. Any unused balls in the order will read as a logic “0.”

8000 S. Federal Way, P.O. Box 6, Boise, ID 83707-0006, Tel: 208-368-4000
www.micron.com/products/support Sales inquiries: 800-932-4992
Micron and the Micron logo are trademarks of Micron Technology, Inc.
All other trademarks are the property of their respective owners.
This data sheet contains minimum and maximum limits specified over the power supply and temperature range set forth herein.
Although considered final, these specifications are subject to change, as further product development and data characterization some-
times occur.
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