
The IS66/67WVH M8 ALL/BLL are integrated memory device containing Mbit Pseudo Static
Random Access Memory using a self-refresh DRAM array organized as M words by 8 bits. The device
supports a HyperBus interface, Very Low Signal Count (Address, Command and data through 8 DQ 
pins), Hidden Refresh  Operation, and Automotive Temperature Operation, designed specially for Mobile 
and Automotive applications.
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(data clock edges)
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Notes:
1. Figure shows the initial three clock cycles of all transactions on the HyperBus.
2. CK# of differential clock is shown as dashed line waveform.
3. Command-Address information is “center aligned” with the clock during both Read and Write transactions.
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Notes:
1. A Row is a group of words relevant to the internal memory array structure and additional latency may be inserted by RWDS when crossing Row boundaries - this is 

device dependent behavior, refer to each HyperBus device data sheet for additional information. Also, the number of Rows may be used in the calculation of a 
distributed refresh interval for HyperRAM memory.

2. A Page is a 16-word (32-byte) length and aligned unit of device internal read or write access and additional latency may be inserted by RWDS when crossing Page 
boundaries - this is device dependent behavior, refer to each HyperBus device data sheet for additional information. 

3. The Column address selects the burst transaction starting word location within a Row. The Column address is split into an upper and lower portion. The upper portion 
selects an 8-word (16-byte) Half-page and the lower portion selects the word within a Half-page where a read or write transaction burst starts.

4. The initial read access time starts when the Row and Upper Column (Half-page) address bits are captured by a slave interface. Continuous linear read burst is enabled
by memory devices internally interleaving access to 16 byte half-pages.

5. HyperBus protocol address space limit, assuming:
29 Row &Upper Column address bits
3 Lower Column address bits
Each address selects a word wide (16 bit = 2 byte) data value
29 + 3 = 32 address bits = 4G addresses supporting 8Gbyte (64Gbit) maximum address space
Future expansion of the column address can allow for 29 Row &Upper Column + 16 Lower Column address bits = 35 Tera-word = 70 Tera-byte address space.

Notes:
1. Figure shows a portion of a Read transaction on the HyperBus. CK# of differential clock is shown as dashed line waveform.
2. Data is “edge aligned” with the RWDS serving as a read data strobe during read transactions.
3. Data is always transferred in full word increments (word granularity transfers).
4. Word address increments in each clock cycle. Byte A is between RWDS rising and falling edges and is followed by byte B between RWDS falling and rising edges, of

each word. 
5. Data bits in each byte are always in high to low order with bit 7 on DQ7 and bit 0 on DQ0.
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The first byte of each word read or written is the “A” byte and the second is the “B” byte. 
The bits of the word within the A and B bytes depend on how the data was written. If the word 
lower address bits 7-0 are written in the A byte position and bits 15-8 are written into the B byte 
position, or vice versa, they will be read back in the same order. 
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Notes:
1. Figure shows a portion of a Write transaction on the HyperBus.
2. Data is “center aligned” with the clock during a Write transaction.
3. RWDS functions as a data mask during write data transfers with initial latency. Masking of the first and last byte is shown to illustrate an unaligned 3 byte write of data.
4. RWDS is not driven by the master during write data transfers with zero initial latency. Full data words are always written in this case. RWDS may be driven low or left

High-Z by the slave in this case.
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Notes:
1. Transactions are initiated with CS# falling while CK=Low and CK#=High.
2. CS# must return High before a new transaction is initiated. 
3. CK# is the complement of the CK signal. 3V devices use a single ended clock (CK only), CK# is used with CK on1.8V devices to provide a differential clock. CK# of a 

differential clock is shown as a dashed line waveform.
4. Read access array starts once CA[23:16] is captured.
5. The read latency is defined by the initial latency value in a configuration register.
6. In this read transaction example the initial latency count was set to four clocks.
7. In this read transaction a RWDS High indication during CA delays output of target data by an additional four clocks.
8. The memory device drives RWDS during read transactions.
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Notes:
1. RWDS is Low during the CA cycles. In this Read Transaction there is a single initial latency count for read data access because, this read transaction does not begin

at a time when additional latency is required by the slave. 
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Notes:
1. Transactions must be initiated with CK=Low and CK#=High.
2. CS# must return High before a new transaction is initiated. 
3. During Command-Address, RWDS is driven by the memory and indicates whether additional latency cycles are required.
4. In this example, RWDS indicates that additional initial latency cycles are required.
5. At the end of Command-Address cycles the memory stops driving RWDS to allow the host HyperBus master to begin driving RWDS. The master must drive RWDS to 

a valid Low before the end of the initial latency to provide a data mask preamble period to the slave.
6. During data transfer, RWDS is driven by the host to indicate which bytes of data should be either masked or loaded into the array.
7. The figure shows RWDS masking byte A0 and byte B1 to perform an unaligned word write to bytes B0 and A1.

Notes:
1. During Command-Address, RWDS is driven by the memory and indicates whether additional latency cycles are required.
2. In this example, RWDS indicates that there is no additional latency required.
3. At the end of Command-Address cycles the memory stops driving RWDS to allow the host HyperBus master to begin driving RWDS. The master must drive RWDS to 

a valid Low before the end of the initial latency to provide a data mask preamble period to the slave.
4. During data transfer, RWDS is driven by the host to indicate which bytes of data should be either masked or loaded into the array.
5. The figure shows RWDS masking byte A0 and byte B1 to perform an unaligned word write to bytes B0 and A1.
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Note:
1. CA45 may be either 0 or 1 for either wrapped or linear read. CA45 must be 1 as only linear single word register writes are supported.
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Notes:
1. The host must not drive RWDS during a write to register space.
2. The RWDS signal is driven by the memory during the Command-Address period based on whether the memory array is being refreshed. This refresh indication does 

not affect the writing of register data. RWDS is driven immediately after CS# goes low, before CA[47:46] are received to indicate that the transaction is a write to 
register space, for which the RWDS refresh indication is not relevant.

3. The register value is always provided immediately after the CA value and is not delayed by a refresh latency. 
4. The the RWDS signal returns to high impedance after the Command-Address period. Register data is never masked. Both data bytes of the register data are loaded 

into the selected register.
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Note:
1.
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Legend
L = V
H = V
X = either V  or V
L/H = rising edge
H/L = falling edge
T = Toggling during information transfer
Idle = CK is low and CK# is high.
Valid = all bus signals have stable L or H level
Notes:
1. When the RSTO# or INT# open-drain outputs are High-Z the pull-up resistance provided by the master or an external resistor will pull the signal to High.
2. Writes without initial latency (with zero initial latency), do not have a turn around period for RWDS. The HyperRAM device will always drive RWDS during the 

Command-Address period to indicate whether extended latency is required. Since master write data immediately follows the Command-Address period the HyperRAM 
device may continue to drive RWDS Low or may take RWDS to High-Z. The master must not drive RWDS during Writes with zero latency. Writes with zero latency do 
not use RWDS as a data mask function. All bytes of write data are written (full word writes). 

3. Active Clock Stop is described in Active Clock Stop on page 25. DPD is described in Deep Power Down on page 25.
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Note:
1. Excludes power supplies V /VCCQ. Test conditions: V  = VCCQ = 1.8 V, one connection at a time tested, connections not being tested are at V .
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VSSQ to VCCQ

- 1.0V

≤ 20 ns

VCCQ + 1.0V

≤ 20 ns

VSSQ to VCCQ



Notes:
1. Not 100% tested.
2. RESET# low initiates exits from DPD mode and initiates the draw of I reset current, making I during Reset# Low insignificant.
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Notes:
1. These values are guaranteed by design and are tested on a sample basis only.
2. Contact capacitance is measured according to JEP147 procedure for measuring capacitance using a vector network analyzer. V  VCCQ are 

applied and all other signals (except the signal under test) floating. DQ’s should be in the high impedance state.
3. Note that the capacitance values for the CK, CK#, RWDS and DQx signals must have similar capacitance values to allow for signal propagation

time matching in the system. The capacitance value for CS# is not as critical because there are no critical timings between CS# going active
(Low) and data being presented on the DQs bus.

Notes:
1. These values are guaranteed by design and are tested on a sample basis only.
2. Contact capacitance is measured according to JEP147 procedure for measuring capacitance using a vector network analyzer. V  VCCQ are 

applied and all other signals (except the signal under test) floating. DQ’s should be in the high impedance state.
3. The capacitance values for the CK, RWDS and DQx signals must have similar capacitance values to allow for signal propagation time matching

in the system. The capacitance value for CS# is not as critical because there are no critical timings between CS# going active (Low) and data 
being presented on the DQs bus.
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Notes:
1. Bus transactions (read and write) are not allowed during the power-up reset time (tVCS).
2. VCCQ must be the same voltage as VCC.
3. VCC ramp rate may be non-linear.
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Note:
1. V  ramp rate can be non-linear.

Note:
1. V  ramp rate can be non-linear.
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Notes:
1. All AC timings assume an input slew rate of 2V/ns. CK/CK# differential slew rate of at least 4V/ns.
2. Input and output timing is referenced to /2 or to the crossing of CK/CK#.

Note:
1. Input timings for the differential CK/CK# pair are measured from clock crossings.

VccQ

Vss

Input VccQ / 2 Measurement Level VccQ / 2 Output
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Parameter Symbol
166 MHz 133 MHz 100 MHz 

Unit 
Min Max MinMinMin  Max

5

tDV min = the lessor of:
tCKHP min - tCKD max + tCKDI max
tCKHP min - tCKD min + tCKDI min

5

Max MinMinMin  
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tDV min = the lessor of:
tCKHP min - tCKD max + tCKDI max
tCKHP min - tCKD min + tCKDI min
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Parameter Symbol
166 MHz 133 MHz 100 MHz 

Unit 
Min Max MMinMinin  Max

Parameter Symbol
166 MHz 133 MHz 100 MHz 

Unit 
Min Max MMinMinin  Max

Max MMinMinin  

Max MMinMinin  
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Notes:
1. B1 is assigned to CK# on the 1.8V device.
2. B1 is a RFU on the 3.0V device.

32 41
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Notes:
1. B1 is an RFU on the 3.0 V device and is assigned to CK# on the 1.8 V device.
2. C5 is an RFU on the 3.0 V device and is assigned to PSC# on the 1.8 V device.

Notes:
1. Transactions must be initiated with CK = Low and CK# = High. CS# must return High before a new transaction is initiated.
2. CK# and PSC# are only used on the 1.8 V device. The 3 V device uses a single ended CK and PSC input.
3. The memory drives RWDS during read transactions.
4. This example demonstrates a latency code setting of four clocks and no additional initial latency required.
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Notes:
1. This figure shows a closer view of the data transfer portion of Figure 12.1, HyperBus Product with DCARS Signal Diagram  on page 43 in order to more clearly show 

the Data Valid period as affected by clock jitter and clock to output delay uncertainty.
2. CK# and PSC# are only used on the 1.8 V device. The 3 V device uses a single ended CK and PSC input.
3. The delay (phase shift) from CK to PSC is controlled by the HyperBus master interface (Host) and is generally between 40 and 140 degrees in order to place the 

RWDS edge within the data valid window with sufficient set-up and hold time of data to RWDS. The requirements for data set-up and hold time to RWDS are 
determined by the HyperBus master interface design and are not addressed by the HyperBus slave timing parameters.

4. The HyperBus timing parameters of tCKD, and tCKDI define the beginning and end position of the data valid period. The tCKD and tCKDI values track together (vary by the 
same ratio) because RWDS and Data are outputs from the same device under the same voltage and temperature conditions.

Note:
1. Sampled, not 100% tested.

Note:
1. Sampled, not 100% tested.
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13. ON CHIP ECC OPERATION

Table 13.1 ECC Register READ/WRITE Command/Address 

01h 03h -

01h 03h

13.1 ECC REGISTER 

Table 13.2 ECC Register 

Bit Function Settings (Binary)

1- ECC ON. (default)

1- EON ON. (default, ERR can be ON when ECC is ON)

10 – Any kind of ECC Event (default) 

0 - default  
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13.2 ERR SIGNAL BEHAVIOR 

Figure 13.1 ERR Timing when ECC Event occurred

ECC Event

Notes:
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.

o

Frequency
(MHz)

Config.  Order Part No. Package

Mx8

166 IS66WVH M8EDALL-1 B1LI 24-ball TFBGA, Pb Free, 5x5 Array

133
IS66WVH M8EDALL-133B1LI 24-ball TFBGA, Pb Free, 5x5 Array

IS66WVH M8EDALL-133B2LI 24-ball TFBGA, Pb Free, 5x5 Array, PSC/PSC#

C Aonfutigo. motFreivequ eA2ncy  Temperature Range: (-40oC toP ac+10kage5oC)
(MHz)

Order Part No.

Mx8

166 IS67WVH M8EDALL-166B1LA1 24-ball TFBGA, Pb Free, 5x5 Array

133
IS67WVH M8EDALL-133B1LA1 24-ball TFBGA, Pb Free, 5x5 Array

IS67WVH M8EDALL-133B2LA1 24-ball TFBGA, Pb Free, 5x5 Array, PSC/PSC#

Automotive A1 Temperature Range: (-40oC to +85oC)

C Aonfutigo. motFreivequ eA2ncy  Temperature Range: (-40oC toP ac+10kage5oC)
(MHz)

Order Part No.

Mx8

166 IS67WVH M8EDALL-166B1LA2 24-ball TFBGA, Pb Free, 5x5 Array

133
IS67WVH M8EDALL-133B1LA2 24-ball TFBGA, Pb Free, 5x5 Array

IS67WVH M8EDALL-133B2LA2 24-ball TFBGA, Pb Free, 5x5 Array, PSC/PSC#

Automotive A2 Temperature Range: (-40oC to +105oC)
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Industrial Temperature Range: (-40oC to +85oC)

Frequency
(MHz)

Config.  Order Part No. Package

8Mx8

166 IS66WVH8M8EDBLL-166B1LI 24-ball TFBGA, Pb Free, 5x5 Array

133 IS66WVH8M8EDBLL-133B1LI 24-ball TFBGA, Pb Free, 5x5 Array

100
IS66WVH8M8EDBLL-100B1LI 24-ball TFBGA, Pb Free, 5x5 Array

IS66WVH8M8EDBLL-100B2LI 24-ball TFBGA, Pb Free, 5x5 Array, PSC/PSC#

Automotive A1 Temperature Range: (-40oC to +85oC)

Automotive A2 Temperature Range: (-40oC to +105oC)

Frequency
(MHz)

Config.  Order Part No. Package

8Mx8

166 IS67WVH8M8EDBLL-166B1LA1 24-ball TFBGA, Pb Free, 5x5 Array

133 IS67WVH8M8EDBLL-133B1LA1 24-ball TFBGA, Pb Free, 5x5 Array

100
IS67WVH8M8EDBLL-100B1LA1 24-ball TFBGA, Pb Free, 5x5 Array

IS67WVH8M8EDBLL-100B2LA1 24-ball TFBGA, Pb Free, 5x5 Array, PSC/PSC#

Frequency
(MHz)

Config.  Order Part No. Package

8Mx8

166 IS67WVH8M8EDBLL-166B1LA2 24-ball TFBGA, Pb Free, 5x5 Array

133 IS67WVH8M8EDBLL-133B1LA2 24-ball TFBGA, Pb Free, 5x5 Array

100
IS67WVH8M8EDBLL-100B1LA2 24-ball TFBGA, Pb Free, 5x5 Array

IS67WVH8M8EDBLL-100B2LA2 24-ball TFBGA, Pb Free, 5x5 Array, PSC/PSC#
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