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Abstract

As the area and power consumption of TP RAM in SoC are large, a new design method of optimiza-
tion is proposed. In order to achieve the function of the original TP RAM and keep the external in-
terface unchanged, TP RAM is replaced with SP RAM, and read-write interface logics of conversion
are added around SP RAM. The method discussed in this paper is used in the multi core SoC chip
which has been successfully taped out in TSMC 28 nm HPM process. The chip occupies 10.7 mm x
11.9 mm of die area and consumes 19.8 W. The testing results indicate that the area of optimized
RAM is reduced by 24.5%, and the power saving is 45.16%.
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1. 5]

B 5 05 Fr B B R R, BEHLAT % %% (random access memory, RAM)TE A I & 4i(system on chip,
SoC)H i i L ikl iy, it RAM X} SoC Y THIAR M D AE ) DTkt Bk ok ok o AH A A 2 P4 X H RAM
(two ports RAM, TP RAM) 5 .1 RAM (single port RAM, SP RAM)AHLEL, A& HITHAR S IhFE5E K. BAAK
SoC ITHIFR S DIFE AT LA 48 As , (Ko iy A3 i ik — B 3T i 4 56 4+ 71 [1] [2] [3].1f1 TP RAM AN RAM
[ —Feis 2R, 5 SoC F I LLEE IR K. [AIULPRMK TP RAM [T K Th#E, 2RF(KEA™ SoC T K& Th
FEA BOEE .

SCHR[A14& H — 3K AT DL TAEEARAR VR R 26, DHFEEUIRI I I SRAM f£6if 506 9l it
TEMRAIG FER L 25 PR T ARSR BB S OR KR E 08 1S e, SR 2 20 it 7 sURT AT e B 3 E A, R T IR
HER DIHE, KA BOE RO IR VWL, TP A BV E NSS4 R I (e FRL . SCHBR[S]42 H —
& T BB IR RS N, RIH SR SRR AL & R, /NSNS R HEE,
T FEAR S NDIHE, I R4 i B e % ) dE EBEN LA 28 A T SV . SCBR[4] [B]Hh 72 ) RAM
TERG B TC N BB S M AT VAL, R RAM B [ 5 ¥t . TSCh A R773:52% TP RAM
TER— AR B e SP RAM, B )5 1Y) RAM RTLAME IP BHE:AT A

T AR TP RAM AR R Thie, $2H—Fh TP RAM HILAL ¥ 771 . 78 TP RAM 325 It 4t A [
LR, ¥ TP RAM i SP RAM, FH7E SP RAM AhEIE i 582 L #1451 RAM X4k
BOAZ, FFaT PR TP RAM HIZhRE. iZ LI VE T RAM IR /D> 24.5%, IhHERF{K 45.16%.

2. TP RAM Htfkigit7A3E
2.1. TP RAM & SP RAM B E M

SP RAM HA—EMilk S & AEHE S 2, S AREFER T, TP RAM 8311 RAM, A HEHIE
B, —EHUREL, AOREES, B0 HEEE. RAM R4 EIEEhE TR L SR, &
IHFESSET ZH 2 M. SIATHFER/ NS BREA, AR KB R R IE L. 76 TP RAM 1325 I 8 AH [H] 1)
BT, ¥ TP RAM B il 2 f5 453 /) SP RAM SKSLHLE TP RAM [ ZhAE . B T30 AR s AL HIT 1 2 £
J& TP RAM ] —AN i I 1] 5 T Ak 5 (1) SP RAM [ 2 AN I ], (K] k SP RAM B 0 5 20K F AR A
JESR )2, AR 2 &1 SP RAM K2R I AL TP RAM [/, FTAMEALIE ) SP RAM HIZh A& ThiE Lt
TP RAM [{1/1N[6] [7]. B TIRER/N S A AIE L, T F 2 =1 SP RAM KZHH L TP RAM
/N, FTLARAL G B SP RAM KIS IhRES A8 /N, T B4k SP RAM 75 BE1 0 (42 11 15 1) 18 4840 /b,
5 RAM 7 B (38 S5 TR RV ELEEACHT LLZE, DR AR AL S5 9 SP RAM s ThE Je T AR 18 298 /8] [9] -
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2.2. SP RAM Wi BHE Ok

T H o 7 A AR 22 152 5 I B [ (0 S 1 Sl A A6 B (first in first out, FIFO), fRALATIXLE FIFO )
RAM #ffi 1 T TP RAM, E47H%# /2 350 MHz. {#iH] TSMC ] 28 nm HPM [¥J Memory compiler 1]
PLAE AR [F] 75 S AT 700 M) SP RAM . #71X 28 TP RAM & i SP RAM Ji it 1] Lk 21 sk /> 11 AR B
FEARIhFER) H I[10]. A T B #5111 SP RAM LI TP RAM ) RE, 75 2175 SP RAM 4MEHE i TP2SP
TR . 4 TP RAM 45t pl SP RAM (645 @ SR I an ] 1 Fos. ME 1 aTEAE F], 350 M I Sigkrr)
SNG4 TP2SP H@ 5 pk T 700 M K¢ SP RAM i 5 #1155, [FIF SP RAM K]
B2 HH A 75 2 4 350 M BhIg s th &idls,  HLB 40 J5 1) TP2SP RAM (16 #1432 IR TP RAM (1) —
. RLFETELREMESHE L, HhEMTEROES, WAAMEOES, IHEOMESREE
B 5# B 1) SP RAM E 55 .

2.3. R EFMEE T

SP RAM HE —HiL5EHIES, TP RAM AHAit5EHE S, el E TP RAM MRS
FEHE S8 SP RAM ) — i 5 #1155 . clkx /& 350M ] TP RAM HIIf 455, clk2x /& 700 M
') SP RAM B %4155, BT TP RAM A REAFFEILS MR, 1 SP RAM AL H 5 MR, KHILE S #ik
BT E SR TP RAM FIFIFII 5 1) IS REr, SHadds, 5A8EdE, BWASEE; 2) 35
MR, SR IREGE, SRS, BRRES. NTEEIRS MR, HEEAE—AHEES rw_flag,
WA R R ER AN ] 2. 455 R HI TR AE rw_flag = 0 NS, rw_flag = 1 IFiE: B 5 SRR
JE5, WEH2EAE rw_flag= 0 I, rw_flag=1 5. & 3 5 T 565 5 RF5 6 7 ik A NAS 5
AR, rw_en_clk2x 52 SP RAM IS HEH1E S, 24 rw_en_clk2x = 1 115, 24 rw_en_clk2x = 0 B} 3.
rw_cs_clk2x /& SP RAM i Frik #5524 rw_cs_clk2x = 1 Bf A5 %%, rw_addr_clk2x ;& SP RAM ()i 5
HHE{E 5

Table 1. Interface signals of TP2SP RAM conversion logics
< 1. TP2SP RAM ##1Z BIEE I OES5I%k

(ERCER S oM e
clk2x ShiREE O 700 M I 55 5
clkx S N 350 M BT {5 5
rd_en ShEHE A TP RAM iEffifig, 350 M B4, FH %
rd_addr AR TP RAM i, 350 M I s
wr_en SN TP RAM Effifik, 350 M B8, w4 %k
wr_addr AR O TP RAM F#iht:, 350 M I g
wr_data AR O TP RAM S %(#E, 350 M I sk
rd_data_clkx A TP RAM i i ¥4, 350 M sk
rw_cs_clk2x WO SPRAM Fi%, 700 M iH40I8, &4 %%
rw_en_clk2x REiEzqn] SPRAM £ (#8E, 700 M I B8, B KiL
rw_addr_clk2x A O SP RAM 25 #ihk, 700 M B 43
wr_data_clk2x PR N SP RAM S (4%, 700 M I} sk
rd_data_clk2x PR N SP RAM 2 Hi %4, 700 M I ik
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Figure 1. Diagram of TP2SP RAM interface
& 1. TP2SP RAM #%iB 5EAER]
NOT
bQ fl
rw_flag
rd_en ' -
- 100 CLK
wWr_en
clk2x
Figure 2. rw_flag generation logic
Bl 2. rw_flag =55 S = £ 1248
1'b0
1 rw_en_clk2x
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Figure 3. TP2SP diagram of first writing and after reading
& 3. TP2SP £ B fFiZizHliZ L B E
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A EH T SP RAM i3 H A B # H AR — 4~ TP RAM I 8 50 i s 2 1, clkx /& 350 M)
TP RAM K815 5, clk2x J& 700 M ] SP RAM Fi8h . rd_en /&AM 4 A 350 M s 1 45 115
5, rd_data_clk2x_1ff /= SP RAM F%i 3 rd_data_clk2x FEIE— clk2x o BIEHE, e b2 aehy
PREF—A™ clkx B84 & H1 rd_data_clkx 4k

3. MUFEESHTHER

O A S L T 86M bits memory, fiALRET TP RAM JLit 37.45 M bits, F:4% 48.55 M bits 54 SP
RAM. IRALHETH) TP RAM 04 2 FC iR 8Y, —Fid 768*49, 5 —Fhje 320%64. Ml HIASCHIIiib 7k
YA TP RAM B e sifis i) SP RAM. % 2 &35 3 FIH 738 v I TP RAM KAL) 1) SP RAM
(RIS SR L AR AN DhFE R . b IR E R IG AN SUHRE SR, BT IFE RN 5135 8
FRAELL[11] [12], BrilgRdh s AR )5S B R 88 . TS TP RAM A2 R 1 AR Bl £ 1)
SP RAM, It LA S Bl 4E R AL BT A0 —2F. %4 TP & TP RAM, SP #& SP RAM; Compiler Lib /&
Fa4: B memory B} ) compiler library 28%!, rf-2p-uhde /245 register file two port ultra-high density; T
FEIL SIRE M IR A >, FLE WA T TF Corner: TT/0.9V/85C [13] [14]. &R IEXF memory
FERS A FH /N4, 768*49 1) memory {4 1 706 4>, 320%64 ) memory {H] 1 530 1~

4. SEERERR R S3Hh

AL ET BT 1) TP RAM H1 SP RAM TR AL A1 4 31.75 mm?, ThEE A 0.465 W; Ak 5 T AR S A0
23.97 mm?, Ih#EH 0.255 W, RAL)5 memory HIFLJE/> 24.5%, IhAEmk/b> 45.16%. % 4 5 T HALRT S
O memory THIFR K DFENT LLE S AR AL AT TP RAM 25 & (5 Lk = 37.42M/86M = 43.5%, I TP RAM 5
Fr memory [ ELGI R S, WIPLAL J5 AR D ek 2, ROR Bk R [15] [16]. A T 34K memory (191
¥, B memory BB A SF I ThAE, 4TS R memory SHEKINRE G, 1% memory UM BLEEFIE F
i, PEEEER A A ThEE R 1Z memory FITHFEA 05 245¢H]1Z% memory 55 5 Thae 5 MR 1) 85 A ShFe st
7% memory FIZHFE. 1% memory 5% #% A S5 MR 10 B ThRE 2 Z %5 1% memory HIIHEE.

clk2x

clkx | \ \

rd_en

rw_flag

rw_en_clk2x

TTTH

rw_cs_clk2x

rd_data_clk2x C><

rd_data_clk2x_1ff

rd_data_clkx

Figure 4. Timing diagram of conversion logic for output data
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Table 2. Data comparison between TP RAM and SP RAM in size 768*49
2 2. 768*49 B TP RAM 5 SP RAM XftE

TP/SP JRE*f; %  Compiler Lib S (MHz) /5% Corner Area (um?)  Power (UW) &
TP 768*49 rf-2p-uhde 350 3.22%/3.22% TT/0.9v/85C 15914.09 377.66 706
SP 768*49 rf-sp-hde 700 1.61%/1.61% TT/0.9v/85C 11021.21 172.48 706

Table 3. Data comparison between TP RAM and SP RAM in size 320*64
2 3. 32064 B TP RAM 5 SP RAM XiftE

TP/ISP RPE*hi%  Compiler Lib i (MHzZ) /58 %E Corner Area (um?)  Power (UW) &
TP 320*64 rf-2p-hde 350 0.8%/0.54% TT/0.9v/85C 16058.95 202.35 530
SP 320*64 rf-sp-hde 700 0.4%/0.27% TT/0.9v/85C 7891.8 75.27 530

Table 4. Area and power comparison between before optimization and after
= 4. WALHTER B memory EFR R INFEXTEL TR

%
(mm?) 31.75 23.97 24.5

(w) 0.465 0.255 45.16

Table 5. Main features of SOC after tape-out
5 RAER SOC EE4HEFIE

Technology 28 nm HPM
Package FCBGA33*33
Wafer Foundry TSMC
Assembly vendor Spil-TW
Final Test ATE 93 K
CP Yield 73.6%
Die Size 10.710 mm*11.907 mm
CPU Max Frequency 1.4 GHz
Total Power 19.8 W

AL JG B0 B 48 TSMC 28nm HPM L Z B Ihif b, 2280 & FCBGA33*33, i)/ die size /& 10.710

mm*11.907 mm, {5/ 7 8 /> ARM Cortex-A15 ¥, CPU {7 & mi % N 1.4 GHz. (&) MAF & & 93 K,
7E TT/0.9V/85C K MERTHFEA 19.8 W, & A 73.6%. 7% 5 5 T %0 F #)— 58 32 B,
5. &5iE

ARSI K 132 S BB AH R TP RAM B #5451 SP RAM, FE7E SP RAM 41l 18 sk 5 4% 1 i
W, [HEH)5 1 RAM SZHLE TP RAM [IIhRE, MMk 29a 0 AR A BEAR Dh RN H 1. BAb a1 SP
RAM N T —#KZ# SoC {5 Fr, %o 4 TSMC 28nm HPM T2k Ihii fr, 32k FCBGA33*33,
B4 die size /& 10.710 mm*11.907 mm. & RS R AL/ RAM TR/ T 24.5%, IhFER:
K7 45.16%.

©



FE %, i

E&WE

E % 8RRl # 410 H (61376099, 6143000024), k7G4 20 E T 4 13k 430 H (16JK2138).

SE3#Ek (References)

(1]

(2]

(3]

(4]

(5]

(6]

(7]
(8]

(9]

[10]

[11]

[12]

[13]
[14]
[15]

[16]

Chiu, P.-F. (2012) Low Store Energy, Low VDDmin, 8T2R Nonvolatile Latch and SRAM with Vertical-Stacked
Resistive Memory (Memristor) Devices for Low Power Mobile Applications. IEEE Journal of Solid-State Circuits, 47,
1483-1496. https://doi.org/10.1109/JSSC.2012.2192661

Lutkemeier, S., Jungeblut, T., Berge, H.K.O., et al. (2013) A 65 nm 32 b Subthreshold Processor with 9T Multi-Vt

SRAM and Adaptive Supply Voltage Control. IEEE Journal of Solid-State Circuits, 48, 8-19.
https://doi.org/10.1109/JSSC.2012.2220671

Aghamohammadi, M.R. and Abdolahinia, H. (2014) A New Approach for Optimal Sizing of Battery Energy Storage
System for Primary Frequency control of Islanded Microgrid. International Journal of Electrical Power and Energy
Systems, 54, 325-333.

A0, TR, R, . AR LR AT DR RO B (. SRAM A7 T i (0], ARFRZA 2440 A ARFE
fiZ, 2013, 43(2): 268-273.

TR, FEZEHE, BAEEME, 2E —FEH T B IEHBENEAE A I AUE S AN ER[J]. TR A BARE
22h, 2014, 43(3): 131-136.

Yu, H.Z., Wang, P.J., Wang, D.S., et al. (2013) Discrete Ternary Particleswarm Optimization for Area Optimization of
MPRM Circuits. Journal of Semiconductors, 34, 118-123. https://doi.org/10.1088/1674-4926/34/2/025011

mE, RAFAE, xRS, & —M AT FPGA MR E A6 W I]. A T A SRk, 2016, 36(1):
67-70.

Peng, S.-Y., Huang, T.-C., Lee, Y.-H., et al. (2013) Instruction-Cycle-Based Dynamic Voltage Scaling Power
Management for Low-Power Digital Signal Processor with 53% Power Savings. IEEE Journal of Solid-State Circuits,
48, 2649-2661. https://doi.org/10.1109/JSSC.2013.2274885

Sheng, D., Chung, C.-C., Lee, C.-Y., et al. (2011) A Low-Power and Portable Spread Spectrum Clock Generator for
SoC Applications. IEEE Transactions on Very Large Scale Integration (VLSI) Systems, 19, 1113-1117.
https://doi.org/10.1109/TVLSI.2010.2044903

Hemalatha, A.A. (2011) Shanmugam.Computer Aided Design for Low Power Fir Processor on System On-Chip

Platform Architecture for High Performance DSP Applications. International Journal of Computer Science and
Network Security, 11, 38-42.

Rick, P. and Aurangzeb, K. (2014) Design for Data-Center, Low-Power and SoCs. 2014 IEEE Proceedings of the
Custom Integrated Circuits Conference, San Jose, California, 15-17 September 2014, 1-1.

Jain, A., Subramanian, S., Parekhji, R.A., et al. (2011) Design Techniques with Multiple Scan Compression Codecs for
Low Power and High Quality Scan Test. Journal of Low Power Electronics, 7, 502-515.
https://doi.org/10.1166/jolpe.2011.1161

Ward-Foxton, S. (2012) Wireless SoCs Use Cortex-MO Core To Slash Power Consumption. Microwaves & RF, 51,
36.

Mahdoum, A. (2012) Combined Heuristics for Synthesis of SOCs with Time and Power Constraints. Computers and
Electrical Engineering, 38, 1687-1702.

TRERH, DRUEAK, YOPH, . Z04h i A B (R DO RE A 5 HE R R B Y R TR [3). [ AR BT T AL Sk FE 2015,
35(4): 378-382.

Lakdawala, H., Schaecher, M., Fu, C.-T., et al. (2013) A 32 nm SoC with Dual Core ATOM Processor and RF WiFi
Transceiver. IEEE Journal of Solid-State Circuits, ,48, 91-103. https://doi.org/10.1109/JSSC.2012.2222812



https://doi.org/10.1109/JSSC.2012.2192661
https://doi.org/10.1109/JSSC.2012.2220671
https://doi.org/10.1088/1674-4926/34/2/025011
https://doi.org/10.1109/JSSC.2013.2274885
https://doi.org/10.1109/TVLSI.2010.2044903
https://doi.org/10.1166/jolpe.2011.1161
https://doi.org/10.1109/JSSC.2012.2222812

L
Hans X
W BRE B EZ I TRSE:
BRaAT & RS (QQ- MiE. HiFE 1)
s U AC B &3 B A
24 /INEF DL PN SR A8 ) TG 55 1)
I AR S 45 h5 T
N EAT &
S0 A 2R
4= W 25 78 15 HET IR B BT 9T

hEE S http://www.hanspub.org/Submission.aspx
HAFIMEAE: ojcs@hanspub.org

NogapwhpRE



http://www.hanspub.org/Submission.aspx
mailto:ojcs@hanspub.org

	Low Power Design of TP RAM and Its Application
	Abstract
	Keywords
	TP RAM的低功耗设计及应用
	摘  要
	关键词
	1. 引言
	2. TP RAM优化设计方法
	2.1. TP RAM替换成SP RAM的必要性
	2.2. SP RAM的读写接口转换
	2.3. 优化方法详细设计

	3. 优化方法在芯片中的应用
	4. 实验结果及分析
	5. 结语
	基金项目
	参考文献 (References)

