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2.1 Buffer Memory Technology

* Memory Blocks On-Chip

— On-chip SRAM area , power consumption, access rate
» Power Consumption for chip-to-chip communication

* Memory Chips (commercially available)

— Chip periphery interface: communication standards to
memory chips and their off-chip throughput

— DRAM chips, internal banks, Bank Interleaving
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On-Chip SRAM
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On-Chip SRAM block Area (130nm CMOS)

sq-mm per Mbit, 1-port

2-port (Lrd+1ww)

16 -
14 3
127

4 8 16 32 64 128 256
SRAM block capacity (K bits)
@ 8bit - 16-bit = 32-bit + 64-bit]

parameter: port width — 8 to 64 bits

4 8 16 32 o4
block capacity (K hits)

* power ring not included
+ values are (um)?/bit = (mm)?/Mbit
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On-Chip SRAM Power Consumption (130nm)

worst-case mW/ M Hz, 1-port

mwW/ M Hz/ port, 2-port

-0 8-bit A~ 16-bit -0— 32-bit —— 64—bit‘

parameter: port width — 8 to 64 bits

0.14 0.14
o.12§ 0.125 -----------------------------------------------------
0.10§ 0.10§ -----------------------------------------------------
0.08% 0.085
0.065 0.065
o.o4§ o.o4§ rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
002 ] 002 @ S —
00— 0,001 x : : ;
4 8 16 32 64 128 2% 4 8 16 32 64
SRAM block capacity (K bits) block capacity (K bits)

1.2 Volts, 130 nm (year 2005)
blocks compiled for performance
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On-Chip SRAM block Cycle Time (130nm CMOS)
wrst-case cycle time (ns), 1-port ns, 2-port (Lrd+1ww)

4 8 16 32 64 128 256 4 8 16 32 o4
SRAM block capacity (K bits) block capacity (K bits)

“® 8bit A 16-bit = 32-bit =+ 64—bit\ * 1.2 Volts, 130 nm (year 2005)
* blocks compiled for performance

parameter: port width — 8 to 64 bits
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On-Chip SRAM block Cost, Performance

Area per Kbit: Power Consumption per MHz:
* Area efficiency increases with » Dominated by port-width for small
block capacity: peripheral mem’s (sense amp. consumption)
overhead (address decoders, + Dominated by block size for large
column multiplexors, sense mem’s (word- & bit- line consum.)
amplifiers) grows slower than core .p 5 =
« Port width costs significantly for two-ports = 2 * Fone-port
small memories (more sense Access Rate (=1/cycle-time):
amp’s, non-square aspect ratio)  Large blocks are quite slower
* Two-port area = 2 x one-port area than small ones, for sizes beyond
» Power ring: add 25 ym on each the “knee” of the curve
Side Of the bIOCk giVen in the « For |arge blOCkS, narrow ports
above charts (width and heigth reduce the speed, because of
increase by 50 ym each) extra mux’es after sense amp’s
* 1 sense amp/ 8 col., usually « Two-port speed = speed of 1-port
* Quoted blocks have write-byte block with twice the num. of bits
enable signals, except 8-bit ones
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2-port vs. Dual-port Area (square-mm / Mbit)

2-port (1rd + 1vw)

4 8 16 32 64
SRAM block capacity (K bits)

e 8-bit -0 32-bit]

Dual-port (2 x rd/wr)

4 8 16 32 64
SRAM block capacity (K bits)
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2-port vs. Dual-port Power (worst-case mW / MHz)

2-port (1rd + 1ww) Dual-port (2 x rd/iwr)
0.14 - 0.14 +
012 0,12 oo
010 0.10 1
0.08 - 0.08 1
0.06 1 0.0B
0.04 1 0.04 J-ovvvemvvvens @
] { @
0.02 1 0.02 e
000 | T T T T Om ] T T T T
4 8 16 32 o4 4 8 16 32 64
SRAM block capacity (K bits) SRAM block capacity (K bits)
e 8-bit -0 32-bit|
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2-port vs. Dual-port Cycle Time (ns, worst-case)

2-port (1rd + 1wwr)

L1l

W » [6)}
T T T A |

N
!

Dual-port (2 x rd/wr)

1 E ______________________________________________________________________________________________________________________________
0 . T T T T 0 ] T T T T
4 8 16 32 64 4 8 16 32 64
SRAM block capacity (K hits) SRAM block capacity (K hits)
-8 8bit o 32-bit|
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[intentionally left blank]
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On-Chip SRAM Buffer Example (i): 40-Byte wide

* Width = 1 min-size IP packet =
= 40 Bytes = 320 bits = 5 blocks x 64 bits/block
» One-port, 2048 packets x 40 B = 80 KB = 640 Kb
« 130 nm CMOS, 1.2 Volts
« Area: 5 banks x 128 Kb/bank x 3 mm2/Mb =
=0.64 Mb x 3 mm2/Mb = 2 mm?
« Throughput: 320 bits x 300 Macc/s = 100 Gb/s
+ Power Consumption:

5 banks x 0.11 mW/MHz x 300 MHz = 165 mW
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On-Chip SRAM Buffer Example (ii): 256-Byte wide

» Width = 1 average-size IP packet =

= 256 Bytes = 2048 bits = 64 blocks x 32 bits/block
» Two-port (1rd+1wr), 2048 packets x 256 B = 512 KB =4 Mb
* 130 nm CMOS, 1.2 Volts

 Area: 64 x 64 Kb x 6.1 mm2/Mb =4 M x 6.1 =25 mm?

« Throughput: 2 ports x 2048 b/port x 240 MHz = 1 Th/s
(500 Gb/s writes + 500 Gb/s reads)
+ Power Consumption:
64 banks x 2 ports x 0.08 mMW/MHz x 240 MHz = 2.4 W
+ Conclusion: “no problem” on-chip, except for small packets

CS-534, Copyright Univ. of Crete 12

CS-534, 2.1: Memory Technology



http://archvisi.ics.forth.gr/~kateveni/534

Power Consumption / Throughput: on-chip SRAM

* (1) On-Chip Buffer Memories:

* 130 nm CMOQOS, “usual, medium” SRAM block sizes:

— 1-port, x16: =0.03 mW/MHz =0.03 mW /16 Mbps = 2.0 mW/Gbps
1-port, x32: =0.05 mW/MHz = 0.05 mW / 32 Mbps =1.6 mW/Gbps
1-port, x64: =0.10 mW/MHz = 0.10 mW / 64 Mbps = 1.6 mW/Gbps
2-port, x8: =0.02 mW/MHz = 0.02 mW /8 Mbps = 2.5 mW/Gbps
2-port, x32: =0.06 mW/MHz = 0.06 mW /32 Mbps = 2.0 mW/Gbps

+ Conclusion: 1.5 to 2 m\W / Gbps on-chip buffer memories
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Power Consumption / Throughput: Chip I/O

(2) Chip-to-Chip 1/0 Pin Power Consumption:

both directions of a high-speed serial off-chip transceiver
(without equalization —which consumes considerably)

130 nm CMOS: 10 to 25 mW / Gbps chip-to-chip comm

» copper cable power consumption is very small, by comparison

= Chip-to-chip communication costs an order of magnitude
more than on-chip buffering, in terms of power consumption

+ Total chip power consumption (up to few tens of Watts)
limits total chip throughput to about 1 Tbps/chip or less
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Multi-Bank Operation: Memory Interleavin

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
|

R ¢ oL
T - « I I R
<t
I | | | | | | | | | |
| | | | T T T T T T T T T T ]
C(?m and/ad res bus | | | [<— t t t t t t t t
| | | | |
Act| |RD I Act| RD I Act| |RD I Act| |RD I Act| RD I Act| RD I Act
Ba||Bd| | [Bb||Bal | |Bc[|Bb| | (Bd|(Bb| ; |Ba||Bd| ; [Bb||Ba|] | |Bc
Ra||Cz| | |[Rb||Cal | [Rc||Cb|] | |Rd||Cc| | [Re||Cd| | |Rf||Ce Rg
| | | | |
| | | | | | | | | | | | |
I I I I | | | | | | | | | |
| | | | z|z|z|z|z|z|a|alala|a|a[b|[b|b[b|b|b]|c|c]|c|c|c]|c|d|d|d|d|d
| | | | 112]3|4[5|6[1[2]3]4|5]6]|1]|2]|3|4|5|6[1[2[3]4[5]|6]1]|2]|3]4|5
| | | |

« burst length set to 8; each successive READ command
interrupts the preceding burst, resulting in net bursts of 6.
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