
OVERVIEW

Embedded memory is any non-stand-alone memory.  It is an integrated on-chip memory that sup-
ports the logic core to accomplish intended functions.  High-performance embedded memory is a
key component in VLSI because of its high-speed and wide bus-width capability, which eliminates
inter-chip communication.

During the past several years, a lot of development has taken place in the embedded memory
market.  Most recently, many new products were introduced with embedded memory, with a par-
ticularly high interest in embedded DRAM.  

Figure 11-1 shows the increasing performance gap between microprocessors and DRAMs.  As this
gap has widened, chip designers placed greater emphasis on the development of embedded
memory devices.  Their task was made easier by at least two factors.  First, the complexity of
process technology made it possible to incorporate logic and memory on the same chip.  Secondly,
larger die size allows the incorporation of both logic and memory on the same chip.

Several advantages of using embedded memories are provided below.  They include reduced
number of chips, reduced pin count, multi-port memories, less board space requirements, faster
response with memory embedded on-chip, dedicated architecture, memory capacity specific for
an application, reduced power consumption, and greater cost effectiveness at the system level.

The main disadvantages of embedded memories are that they are generally larger in size and are
more complex to design and manufacture.  Additionally, a trade-off must often be found between
design and technology since the optimized technology for a memory cell is not the same as that
for embedded logic devices.  Furthermore, processing becomes even more complex when the
designer integrates different types of memory on the same chip.  Figure 11-2 presents a DSP from
Texas Instruments that includes embedded memories.  Note that the memory portion consumes
about half the total area of the chip.  RAM, ROM, and logic on one chip makes for a challenging
design and for challenging manufacturing.

INTEGRATED CIRCUIT ENGINEERING CORPORATION 11-1

11 EMBEDDED MEMORY



Figure 11-3 shows the key differences between embedded and stand-alone flash memories.  On a

standard memory device, cell size is the most critical issue.  However, if the memory area is not a

significant part of the full chip area, cell size is not a critical factor for a chip with embedded

memory.  For this reason, chip designers will often use a conservative cell design for embedded

memories.  EPROM, flash, or DRAM may have more than one transistor per cell.  SRAM will often

use the CMOS six-transistor (6T) cell design instead of the four-transistor (4T) memory design,

along with some additional transistors.

EMBEDDED DRAM

Embedded DRAMs are in the introduction phase of the product lifecycle.  Due to the complexity

of DRAM process technology, suppliers did not quickly develop embedded DRAMs.  Embedded

DRAM capacitors that store data require several processing steps not needed when making logic

devices.  The threshold voltage of DRAM transistors must be high enough to ensure that they will

not create memory cell capacitor leakage.  This constraint on low sub-threshold current may cause

some speed penalty on the logic portion of the device.  DRAM processes are a central issue in an

embedded DRAM device using a process developed for logic chips.
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Figure 11-1.  MPU Versus DRAM Performances



In 1996 and 1997, numerous announcements were made regarding embedded DRAMs, revealing
the great interest in this type of device.  Until recently, DRAMs were the least-used embedded
memory cell due to process complexity.
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Source: TI/ICE, “Memory 1997” 22600

Figure 11-2.  TI’s 1-V DSP for Wireless Communications

Figure 11-3.  Key Differences Between Embedded and Stand-Alone Flash Memories
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Embedded DRAMs will become a more widespread solution to designer needs as on-chip
memory increases and the use of system-on-a-chip rises.  One reason for the interest in embedded
DRAM is speed.  As illustrated in Figure 11-4, embedded DRAM offers a large increase in memory
bandwidth performance compared to several other currently used alternatives.  Most of the cur-
rent embedded DRAM developments are for graphics and multimedia applications.  

Several companies are developing embedded DRAMs.  Figure 11-5 shows a sampling of
DRAM/Logic devices that have recently been introduced.  Silicon Magic is a 1994 fabless startup
that develops embedded DRAMs for systems requiring very high memory bandwidth.  They offer
a chip that combines graphics, audio, and video functions with DRAM.

At the 1996 ISSCC conference, Mitsubishi presented a 32-bit Multimedia RISC microprocessor
with 16Mbits of embedded DRAM.  This device was manufactured using a 0.45µm, double-metal
technology process.  It also included 16Kbits of cache SRAM.  Figure 11-6 shows a description of
this product.  

Toshiba announced two ASIC families with embedded DRAM.  One is based on the company’s
one-transistor DRAM trench capacitor cell process technology while the second family is based on
its three-transistor cell logic process.

DRAM Memory Cell 

The memory cell of standard DRAM memory chips consists of one transistor and one capacitor.
In the new DRAM generations, the capacitor is either a trench or stack capacitor design.
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Figure 11-4.  Memory Bandwidth Comparisons



The memory cell of embedded DRAMs using a standard logic process will often be a three-tran-
sistor design with separate read and write access.  An additional capacitor is sometimes added to
ensure a minimum value of 30pF.  The larger the capacitor, the less sensitive to noise or alpha par-
ticle induced soft error the memory cell will be.  Figure 11-7 shows the different types of DRAM
cells.  The advantages of a three-transistor cell over a one-transistor cell are compatibility with
standard digital CMOS technology, higher access speed, dual-port (separate read and write access
ports) and nondestructive readout.
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Figure 11-5.  Companies Explore DRAM/Logic on Same Chip
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Figure 11-6.  Mitsubishi Multimedia 32-bit RISC Chip Overview



An illustration of this embedded DRAM design diversity was made by Toshiba.  The company
proposed both a one-transistor cell and a three-transistor cell for ASIC applications.  The one-tran-
sistor cell is based on a 0.25µm DRAM trench capacitor process and is proposed for applications
needing 1Mbit to 32Mbit DRAM density.  The three-transistor cell is based on a 0.3µm logic
process and is proposed for applications needing no more than 1Mbit DRAM density.  

EMBEDDED SRAM

Embedded SRAM is widely used.  The embedded SRAM market is even larger than the stand-
alone SRAM market!  Whether faster speed, greater density, or lower power consumption, several
vendors have emerged to supply improved embedded-SRAM devices.

SRAM as Cache Memory

Most CPUs, DSPs, and MCUs have a small quantity of cache memory on chip.  This on-chip
memory is called primary cache or level-one (L1) cache.  L1 cache is backed up by a larger off-chip
secondary or level-two (L2) cache.  Figure 11-8 shows the quantity of L1 cache used in AMD and
Intel MPUs.

SRAM in ASIC

SRAM cells are also implemented in ASICs.  They may be used for the programmability or imple-
mented as a block.  Figure 11-9 shows a block diagram of Actel’s 3200DX FPGA that incorporates
blocks of high speed (5ns) dual-port SRAM.
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Figure 11-7.  DRAM Memory Cells



6T SRAM Cell

A six-transistor CMOS architecture will be often used to make the SRAM memory cell.  This archi-
tecture provides better electrical characteristics (speed, power consumption, noise immunity) and
is compatible with a logic process as only one polysilicon level is required.  The cell size, however,
is larger than a four-transistor cell.  Figure 11-10 shows SRAM cell dimensions of CPU products
analyzed by ICE’s laboratory.  All the SRAM cells presented on the list are six-transistor cells.

Embedded SRAMs can also utilize more transistors than the classical 6T cell.  This helps improve
the electrical performance of the embedded circuit.  Also, multi-port memory cells are also often
used as embedded SRAM.  

Figures 11-11 and 11-12 show two embedded SRAMs using more than the classical 6T structure.
Figure 11-11 presents a cell implemented in an ASIC from IBM that uses nine transistors for a cell
size of 120 square microns (0.6µm channel length).  Figure 11-12 presents a cell implemented in a
CPLD from Philips that also utilizes a nine-transistor cell.  

Embedded Memory 
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Figure 11-8.  L1 Cache in AMD and Intel MPUs
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Figure 11-9.  Actel’s 3200DX FPGA Architecture
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4T SRAM Cell

There are at least two reasons that a company would consider using 4T SRAM cells for embedded
memory.  First, if the size of embedded memory is important, the use of a smaller memory cell is
necessary.  Secondly, if a company has experience in stand-alone 4T cell SRAM architecture, it may
prefer to implement that architecture in its embedded SRAM application.  This is the case of IDT.
As illustrated in  Figures 11-13 and 11-14, the same SRAM used for its 256Kbit SRAM is used in as
embedded SRAM (L1 cache) on its 79R4600 RISC processor.  

Embedded Memory 
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Figure 11-11.  9 Transistor SRAM Cell (IBM)
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Figure 11-12.  9 Transistor Design Cell (Philips) 

Figure 11-13.  Comparison of IDT’s Stand-Alone and Embedded SRAM Cells
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EMBEDDED ROM

Like embedded SRAMs, there are probably more embedded ROM developments than stand-alone

ROM memory shipments.  ROM cells do not need a specific technology.  Various programming

methods may be used such as metal contact, channel implant, and field oxide.  The selection of

programming method involves a trade-off between cost, cell size, and cycle time.  If random high

speed is required, the ROM will use a NOR architecture.  If this speed requirement is not needed,

the NAND architecture may be used to save space.
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EMBEDDED EPROM

Figure 11-15 shows a two-transistor EPROM cell developed by Cypress and Altera for program-
mable logic device (PLD) implementation.  The choice of using two transistors was done to sepa-
rately optimize read and write floating gate transistors.  This approach allows a better read
current/area ratio compared to standard one-transistor EPROM or two-transistor EEPROM cells.

One-Time Programmable (OTP) Memory

As product design cycles get shorter, it is more important for MCU suppliers to offer one-time pro-
grammable (OTP) memory as an option on their MCU chips.  Manufacturers must be flexible
enough to rapidly adapt to changing market opportunities.  One problem with ROM is that pro-
gramming, setup, and engineering changes are economical only when system manufacturers pur-
chase large quantities of identically programmed MCUs.  Furthermore, if system manufacturers
make a software change, the lead time for receiving MCUs with the new program in ROM may be
many months.

OTP devices can come programmed or unprogrammed from the semiconductor manufacturer.  A
single MCU model can be used in a variety of products by varying the program, or the system can
be customized to a customer’s specific needs.  This flexibility reduces the variety of MCUs that the
systems manufacturer must stock, which in turn reduces inventory.

Embedded Memory 
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Figure 11-15.  Schematic of High Speed 2T EPROM Cell With Separate Read and Write Transistors



EMBEDDED EEPROM

The more common embedded EEPROM devices are made of one polysilicon layer as illustrated

by Figures 11-16 and 11-17.  Both cells are implemented on programmable logic devices.

The main interest of these designs is to use only one level of polysilicon and thus be compatible

with a standard CMOS process.  They will, however, have an additional step to create the thin

oxide of the floating gate needed for programming the cell.

EMBEDDED FLASH MEMORY

Another non-volatile memory option to use is embedded flash memory.  As standard flash mem-

ories take EPROMs and EEPROMs market shares, flash memories will also replace these types of

cells in the embedded applications.  Figure 11-18 shows a comparison between the different types

of non-volatile memories for embedded applications.  
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Figure 11-18.  Embedded Non-Volatile Memory Comparison
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Reprogrammability and in-circuit programming capability provide a highly flexible solution to
rapidly changing  market demands.  To meet these needs, several vendors have embedded flash
memory onto their microcontroller or other logic devices.  Siemens expects flash to be widely used
in microcontroller applications, with as much as 80 percent of all embedded controllers using it in
five years.  Embedded flash memories may be used in a wide range of applications.  Figure 11-19
shows which applications may need flash devices.

Like other embedded memory cells, flash memory design will be a trade-off between size, per-
formance, and process compatibility.  Figure 11-20 shows the advantages and disadvantages of
different types of flash memory cell designs.

Smartcard Products

Smartcards are a new and fast growing market using embedded memory.  Smartcards may incor-
porate MCU, different types of memory, advanced security features, and cryptographic process-
ing.  Figure 11-21 shows the chip organization of an advanced smartcard.
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Figure 11-19.  Embedded Flash Memory Applications
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Figure 11-20.  Advantages and Disadvantages of Flash Memory Cell Gate Structures
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Figure 11-21.  Smartcard Chip Organization
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