3.M. ABETUCSH

METOJA YBEJIMYEHUA CKOPOCTU ABTOMATHU3NPOBAHHOI'O
BBIPABHUBAHUA 3ATIMCU CUHXPOHHO-TAHAMHWYECKOM
HHAMATH C TPOU3BOJIBHBIM JOCTYIIOM

PaccmoTpena nponeypa BelpaBHUBaHUS 3allMCH, UMEIOILAs KIIIOYEBYIO pOJIb B CHHX-
POHHO-JIMHAMHUYECKON MaMATH ¢ npou3BoyibHBIM noctynoMm (CHTIIII). [imonenupoBaHsl u
M3MEpPEHBl BaKHENIINKE apaMeTpbl B MPOLELYPE, B PE3y/bTaTE YETO BBISBIEHO, YTO MPHU
JIOCTHYKEHUH Pe3yJIbTara Moleaypa UMeeT OOJIBIIYIO 3aAePKKYy. [1Ji yBeIHMUCHHS CKOPOCTH
MIpeAIaraeTcsi U3AMEHEHUE AJITOPUTMBbI IPOLEAYPBI.

Knrouesvie cnosa: CAII], cuaxpocuraan, HaCTpOiKa 3anKCH, TIOJIETHAS! TOTIOJIOTHSI.

ZM. AVETISYAN

A SPEED INCREASING METHOD IN AUTOMATED WRITE LEVELING
OF SYNCHRONOUS DYNAMIC RANDOM ACCESS MEMORY

The procedure of write leveling which has a key role in the synchronous dynamic
random access memory (SDRAM) is investigated. The mentioned procedure was modeled
and some key parameters were measured. During the investigation, it was found that the
procedure has a long delay. For the speed increase, some change is proposed in the write
leveling algorithm.

Keywords: SDRAM, clock signal, write leveling, fly-by topology.
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A.V. AVETISYAN

READ AND WRITE CYCLE SPEEDUP METHOD FOR PSEUDO
TWO-PORT SRAM WITH A 6T BIT CELL

Two-port 6T SRAM with improved read/write path is presented. The conventional
two-port SRAM (2P-SRAM) with an 8T bit cell deliver has the best speed performance, but
on the other hand, in some cases, speed can be degraded. To overcome the speed issue and
improve the area, a two-port 6T SRAM is proposed, which can speed up the write/read
cycle time by 60% and reduce the area by 14%. The disadvantage of this method is the
output delay increase.

Keywords: SRAM: performance; speed: decoder; word line; two-port.

Introduction: Nowadays, high-speed SRAM is broadly used in many areas
and intended for the cache memory of server systems and networking or mobile
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applications. SRAM as a random access memory is the fastest memory for write or
read operations. High-speed SRAM can immediately access data as soon as
enabled read or write is operated at the address. It can read or write data of the
address in one cycle of the clock. To speedup High-speed SRAM, we need to
reduce the clock cycle time and increase the clock latency. So, one of the main
challenges for those devices is the write cycle time. One of the methods for the
write cycle time reduction is the bit cell switch, which affects design architecture.
It decreases area, but makes the design more complicated. The conventional two-
port SRAM is designed with an 8T SRAM bit cell [1], which has the best speed
performance compared to other schemes. Moreover, the disadvantage of this
method is the area loss, because the 8T bit cell is around 1.5 times larger than the
6T bit cell [2], which results in area increase around 2 times for same memory
instance. To overcome all the issues, the pseudo two-port SRAM scheme is
proposed.
Problems and justification of the method:

A. Conventional 2P-SRAM with an 8T bit cell

In conventional two-port SRAM with an 8T bit cell, one port is for read, one
for write, within one clock cycle. So, from the control block perspective, only one
decoder is enough, which will control the word-line selection. Because of separated
design of the 8T bit cell with pairs of write bit/word-lines and single ended read
bit/word-line [3], it delivers fast access time (Fig. 1).
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RBL
WL WL RWL
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Fig. 1. 8T bit cell with single ended read path

The memory macro area based on the 8T bit cell is 1.5~2x larger than the 6T
memory macro, mainly because of a bigger size of the 8T bit cell and additional
circuitry of distinguished control and data signals, also during the same row access,
the speed will be decreased. However, the function speed cannot be optimized
based on the clock-driven design.
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B. The proposed pseudo 2P-SRAM with a 6T bit cell

To speed up the read/write path, the split method of control block decoders
is proposed (Fig. 2). Instead of 1 decoder it is proposed to use 2 decoders one for
read one for write, with cross connected enable signals. The WREN signal disables
the decoder intended for the read operation and vice versa, RDEN for the write
decoder, other input pins are for read/write data clock signals. Inside the decoders
is the same structure irrespective of read or write. In the write decoder with RDEN
high signal, the word-line will be disabled and tied to the ground, so the memory
row with the bit cell array would not be selected, when RDEN is low, the data from
WRCLK will flow through the inverter to output WL (Fig. 3). The output of the
cross-connected decoders is the word-line which will activate the appropriate row,
consisting of 6T bit cells (Fig. 4). For simplicity, the memory array row with 6T bit
cells is presented. They all will be activated when the WL signal is high (Fig. 5).
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Fig. 2. The structure of the split Read/Write decoders

RDEN

This will open the pair of the NMOS transistors and the data on the bit-line,
and the bit-line inverse will be stored in the cell.

WRCLK WL

Fig. 3. The contents of the Read/Write decoders

Other than this change in pseudo 2P-SRAM design, the write/read generator
scheme is also proposed. This scheme will transfer information from read or write
addresses, to WRCLK or RDCLK and drive the decoders.
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Fig. 4. Structure of selection

In the generator circuit, CLK always toggles as RDADR/WRADR is
asserted, which are responsible for the physical address selection of the bit cell, and
WRCLK/RDCLK is generated according to the address value (Fig. 6).

Fig. 5. The memory array row

This method is area and speed efficient for the memory instance with
large capacity. Simulation results provided in the next section for 2P-SRAM
shows that the function can be 60% faster than the conventional 2P-SRAM design
with an 8T bit cell.

RDADR
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WRCLK
WRADR | WRITEREAD oR
GENERATOR RDCLE
CLK

Fig. 6. The write/read generator structure

MEASUREMENT RESULTS: 2560-b 2P-SRAM with a 6T bit cell
techniques has been designed in a 28-nm CMOS technology. The memory array is
created with 16 physical rows and 160 physical columns. The proposed schemes are
implemented in the array control block and in the global center block of the memory
instance. The simulation has been performed on 2P-SRAM with conventional and
proposed methods for SS (slow-slow) PVT corner with supply voltage and
temperature variations using 28nm technology node under 1100MHz and 0.71V
VDD voltage level, which corresponds to the SRAM standard. The comparison of

the cycle time between the conventional and proposed methods is presented in
Table 1.
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Table 1

The cycle time and area comparison results for 2P- SRAM

2P-SRAM Conventional | Proposed difference (%)
Cycle Time (ps) 954 596 60%
Area (um?) 1886.79 1646.65 14%

The only disadvantage of this implementation is time to output data, which is
slightly increased, by around 5% (Table 2).

Table 2
The time to output comparison results for 2P-SRAM
2P-SRAM Conventional | Proposed difference (%)
Time to output (ps) 436 458 5%

As a result, by applying the proposed schemes in the 2P-SRAM memory, the
difference in the cycle time is decreased around 60% and the area around 14%, but
at the same time, the time to output is increased by 5%.

CONCLUSION: 2P-SRAM with a 6T bit cell array has been presented with
an inbuilt split decoders and read/write generator schemes to speed up the cycle
time and decrease the memory instance area of SRAM. This technique saves the
memory area and speedup read/write operations. The schemes can be implemented
on any 2P-SRAM’s. It selectively activates the RDCLK and WRCLK with RDEN
and WREN signals and gives an opportunity to decrease the access time. As a result,
during the read/write cycles, the cycle time is saved around 60%, and the area is
shrunk by 14%. The disadvantage of this method is time to output increase by 5%.
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A.B. ABETUCSAH

METO/]I YCKOPEHMSI UKJIA UYTEHUS U 3ATIMCH IS
ICEBJIOABYXIIOPTOBOI CTATHYECKOM ITAMSTH C
IMPOU3BOJILHBIM JOCTYIOM C 6T SYEHKOMN

IIpencraBnena IBYXIOPTOBas CTaTU4ecKass MaMATh C MPOU3BOJIBHBIM JIOCTYIIOM
(CIIILO) ¢ 6T suefikoit mamsiTH W C yIyYIIEHHBIM TPAKTOM YTeHHS W 3armucu. OObraHas
neyxnoproBast CIIIT/] ¢ 8T sueiikoit mamsaTn oOecieynBaeT JyUIIyI0 CKOPOCTh pabOTHI, HO
C JPYroi CTOPOHBI - ISl HEKOTOPBIX CIy4yaeB CKOPOCTh MOKET ObITh CHIkeHa. IIpema-
raercs CIIITJ] c 6T sgelikoil maMsTH ISl IPEOAOJICHNS! TIPOOIJIEMBI CKOPOCTH U YITy4IICHHS
3aHMMAaeMOoll IUTOIIAaaH, KOTOpask MOXET YCKOPHUTbh BpeMs 3anucd W 4reHus Ha 60% wu
YMEHBIINTH IuTomaab Ha 14%. Hegoctatkom sToro mMetosaa sBisieTcs yBeIMUCHUE BPEMEHU
BBIITyCKa JIAHHBIX.

Knroueswie cnoea: CII1/1, npon3BoIUTENBHOCT, CKOPOCTh, JEKOAEP, CTPOKA CIIOB,

JIBYXIIOPTOBBIIA.
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