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Introduction 

The NAND flash memory market is experiencing growing 
demand from an expanding number of mass storage applications 
that require high density and high read and write throughput. 
Prominent among these applications are Flash based Solid State 
Drives (SSDs), which are expected to replace HDDs in many sys-
tems. However, conventional flash interfaces and architectures fail 
to provide enough bandwidth to keep up with newer serial and 
Fiber Channel disk-level interfaces. Forecasts indicate that, be-
tween now and 2011, the media transfer rate (MTR) for SSDs – the 
used bandwidth between the controller and conventional flash 
memories – will grow at less than 5% per year (Fig. 1). In contrast, 
the interface transfer rate (ITR) – the used bandwidth over the 
system bus – is expected to grow at 12% per annum over the same 
period. Barring any breakthrough innovations, SSD performance 
will increasingly be constrained by the available Flash memory 
bandwidth (Fig. 1). In addition, the finite number of program-erase 
cycles offered by Flash memories necessitates the use of wear-
leveling algorithms that increase the complexity of SSD implemen-
tations and reduce their performance. The HyperLink NAND Flash 
Architecture facilitates high performance Flash memories for SSD 
and other applications [1]. It combines a flexible and low pin count 
interface with an improved core organization and functionality that 
together deliver high sustained bandwidth and reduced system 
cost. 
 
Overall Architecture 

The HLNAND Flash Architecture is divided into two inde-
pendent components: the interface architecture and the memory 
core architecture (Table 1). The HyperLink Interface Architecture 
includes a low pin count ring-topology channel with a packet-
oriented protocol that is independent of the memory type, organi-
zation and functionality. The HLNAND Flash Core Architecture 
includes significant innovations to both the memory organization 
and the erase/program functionality.  The memory is organized 
into functionally separate banks, each capable of read, program 
and erase operations independent of concurrent operations in the 
other banks. In addition, new erase and program functionality such 
as page-pair erase, partial block erase and random page program 
improve system performance by reducing the number of Flash 
operations needed to implement the critical system-level drive 
functionality. Additional features such as a novel low-stress pro-
gram scheme and low Vcc operations improve device longevity. 
 
Interface Architecture 

The Hyperlink physical interface is a high-speed double data 
rate ring-topology channel with between 1 and 8 data lines and two 
strobe signals (DSI and CSI). The used link width is set by the 
controller based on the capabilities of the memories, including the 
number of data pins each supports. Figure 2 shows a memory sys-
tem with 3 memories resident on a 4-bit channel. All communica-
tion around the ring is point-to-point and command and data pack-
ets flow all the way around the ring beginning and terminating at 
the controller. To save system-level power, command packets can 
be truncated by a recipient if it is sure that no downstream memo-
ries need to see the full contents of the command packet.  

The Hyperlink Interface Architecture defines two classes of 
HL compliant devices. HL1 devices are intended for initial and 
lower performance applications. It uses LVCMOS signaling and 
parallel clock distribution to achieve relatively modest operating 

frequencies. For example, a dual link, 4-bit HL1 NAND memory 
system may achieve an MTR of up to 266MBps (DDR), which 
keeps pace with SATA 3.0 interconnect. HL2 devices use HSTL 
signaling and source synchronous clocking to achieve much higher 
operating frequencies. Figure 3 shows an HL2 memory system, 
and Table 2 lists the primary characteristics of HL1 and HL2 de-
vices. HL1 memory systems will be well suited to the high 
throughput requirements of SSD and other mass storage applica-
tions from the outset; a transition to HL2 interfaces will propel 
Flash memories into even higher performance regimes that were 
not previously attainable by Flash memory systems. 

An important consequence of the strict bifurcation of the 
HLNAND Flash Architecture into interface and memory core, is 
that the HyperLink Interface Architecture is memory-type inde-
pendent. In fact, the HLNAND Flash Architecture is the first of a 
series of HL-compatible memory and non-memory architectures 
that will yield memory and peripheral subsystems consisting of a 
variety of device types cohabitating on a single link. 

 
Core Architecture 

The HLNAND Flash Architecture defines a wide range of 
possible densities and organizations. For example, Figure 4 shows 
the possible implementation of a 16Gb HLNAND device. The 
device contains two independently operating banks each with its 
own page buffer. The fully independent bank architecture allows 
for most operations to be performed concurrently in each of the 
two banks, greatly improving memory system throughput. This is 
illustrated in Figure 5 which depicts a ring with four devices carry-
ing out read and program operations on each of the 8 separate 
banks in order to keep them fully utilized. Table 3 summarizes the 
features of the 4Gb & 16Gb HLNAND devices that are expected to 
be lead devices into the marketplace. 

Many of the limitations present in conventional NAND flash 
are addressed by innovations in the memory organization and 
command set that are part of the HLNAND Flash Core Architec-
ture. For example, a novel low stress program scheme and low Vcc 
operations minimizes cell Vth shift in unselected pages resulting in 
higher reliability, greater device longevity and a reduction in 
power consumption [2]. Support for random page-pair erase, par-
tial block erase, and random page program provides uniform read 
and write operations and dramatically reduces page copy overhead 
for wear-leveling and enhances overall system performance. 
 
Conclusion 

The dramatic price reduction of NAND Flash devices in re-
cent years has created an opportunity for Flash to penetrate mass 
storage applications. This will happen provided the memory ven-
dors can deliver NAND Flash devices with adequate performance 
and no intrinsic cost premium over the lowest cost conventional 
NAND Flash devices. The new HLNAND Flash Architecture fa-
cilitates this transition by enabling high performance NAND Flash 
devices with increased longevity and a cost advantage stemming 
from the low pin count interface and small die size. 
 
References 
[1] www.hlnand.com 
[2] Jin-Ki Kim et al., “Low Stress Program with Single Wordline Erase 
Schemes for NAND Flash Memory”, NVSMW, 2007. 

1-4244-0753-2/07/$25.00 ©2007 IEEE 3



MBps

0

100

200

300

400

500

600

700

2005 2006 2007 2008 2009 2010 2011

Media Transfer Rate
- SSD

Interface Transfer
Rate

 
Figure 1: SSD MTR and ITR Trend, 2005 -2011, Web-Feet Research, “Solid 
State Drives (SSD) Markets and Applications 2006 - 2011”, pp 68-70, 2006 
 
Table 1: HLNAND Flash Innovations 
 

HLNAND Flash Architecture 
HyperLink Interface Architecture HLNAND Flash  

Core Architecture 
• Independent of memory type 

and organization 
• Ring Topology 
• Packet protocol 
• Efficient data transfers 
• Configurable link width 

• Bank-oriented memory struc-
ture with multiple independent 
banks operating simultane-
ously 

• Data transfers in parallel with 
page operations in other 
banks 

• Multiple page erase 
• Partial block erase 
• Random page program 
• Reduced stress programming 
• Low Vcc operation 
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Figure 2: Controller and HLNAND Devices on HL1 Ring Showing Signals 
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Figure 3: Controller and HLNAND Devices on HL2 Ring Showing Signals 
 
 
 
 
 
 
 

Table 2: HL1 vs HL2 
 

Characteristics HL1 HL2
Max. Link Width 8 8
Data Rate per Pin 200, 266 Mbps 333, 400, 533, 667, 800 Mbps
Data Rate per Pin DDR DDR
Speed Bins 100, 133 MHz 166, 200, 266, 333, 400 MHz
Max. Peak Bandwidth 266 MBps 800 MBps
Clock Type Differential Differential
Clock Distribution Parallel Source Synchronous
Clock-signal Alignment Center Aligned Edge Aligned
Signal Technology LVCMOS HSTL Class I  
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Figure 4: 16Gb MLC HLNAND Device Functional Block Diagram 
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Figure 5: Maximum Link Utilization with Four Daisy-chained Devices 
 
Table 3: HLNAND Flash Device Summary - 4Gb SLC & 16Gb MLC 
 

 

Characteristics 4Gb SLC HLNAND 16Gb MLC HLNAND
Power Supply
System Clock
Data Rate per Pin
Max. Link Width
Page Size (2K + 64)B (4K + 218)B
Random Read 20us Max. 40us Max.
Burst Read 5ns Min. 5ns Min.
Page Program 200us Typ. 600us Typ.
Package 48-pin TSOP-I/52-pin ULGA

Vcc/Vccq=1.6V ~ 3.6V
133MHz Max.
266Mbps Max.
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