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Abstract

As the power consumption of synchronous TP RAM in SoC is large, a new design method of opti-
mization is proposed. In order to achieve the function of the original TP RAM and keep the exter-
nal interface unchanged, TP RAM is replaced with SP RAM, and read-write interface logics of con-
version are added around SP RAM. For less power, address bus is encoded through Gray code; dy-
namic voltage regulation and reasonable power partition strategy are used. The method discussed
in this paper is used in the multi core SoC chip which has been implemented in TSMC 28nm HPC
process. The simulation results indicate that the area of optimized RAMs is reduced by 24.76%,
and the power saving is reduced by 44.89%.
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1. 5|8

Bt 08 AR R R sy, BEHLAT fi% 2% (random access memory, RAM)7E /| & %i(system on chip,
SoC)H ) i LU Bk SRR =, Rt RAM X SoC I THIFR 2 ThiAE 1 57 ik th ok ok . AH [RS8 SO RAM
(two ports RAM, TP RAM)-5 .1 RAM (single port RAM, SP RAM)MHLL, A1 KR KINFETE K. FEAK
SoC [HITHIFR B NFE R LLAT B A, ZEKth i Ayt ik — B4R T i3 56 4 111 [2]. 1fi TP RAM {EA RAM
f—Fhvi FI2SA, 7F SoC HELE AR K. (KPR TP RAM [TRIAN K IhFE, & FF{RIEA SoC TR & Th
FEMA JOg %

SCHR[3]88 H— 3K AT A AR TE R A RS F R 45, THARRUIR A IE B SRAM A76if SR o0 AAE L it
FEARAR FE PR P 261 N HRAR REME AR FF R BB b, SR 25 40 th O ORI AT i B A e . O T PRI
HLEE DOFE, K H BOE S MR F R VIR, R BN A B A R0 25 B A B s PRt . SRR (4132t —F
3T B LB ALAE i 85 R 5 ON FRLE, R 2703 A0 55 B B AR 45 5 IR 7%, DB/ NS NS B R,
T AR S NIHAE, IFnTHE R B e R 1 REBE N A7t 25 (A7 vT St . SCR(3] [4]7F 7302 L RAM
B BTN BB M AT VO AR, 0038 RAM B 3 &% it. TSCh AR IT77E2 % TP RAM
VEN— MR B ik SP RAM, F 45 1) RAM 1] LIAE R TP EL#:E A

N T A% TP RAM [T AR Je ThE, ASCHRH—Fh TP RAM HILAL it 77k, 76 TP RAM i3 5 I B Af]
FHITES R, K TP RAM #4#ui SP RAM, JH7E SP RAM #MEB LS 2 L 86 a2 5, fiib)5 0 RAM
AN OIS, FEaTsEBLR TP RAM HIThEE. A 73— DBRRThEE, M &R T B, X bk 228
HEATHETE GRS SR A AT RAM TR 24.76%, DHFEFAR 44.89%.

2. TP RAM BY{RIh#FER T
2.1. TP RAM Ei#&p% SP RAM B EH

SP RAM RAF — &Mk S LM S 2k, BB AR #1T. TP RAM fh XU RAM, A HEHE
B, —EHUREL, —AOHREES, B0 HEEEL. RAM MIIFA ARSI LS, &
DRSS T —#2 A BTN SRR, 5% OB R R UE . 78 TP RAM 325 B £ 5] (1
TEOLT, FF TP RAM & % 2 £ 40128 1) SP RAM SKSLHLE TP RAM W T &g o B T4 A8 s AR AL R 1 2 4%,
J5 TP RAM (] — AN & R (] 25 T £ 4K 5 (9 SP RAM [ 2 A JE A ], [K it SP RAM 1B 350 i A PR A
JFEoRH—2F . MM % ) SP RAM FIZH AL TP RAM /), FTLMEALIGE ) SP RAM KIS & IhFELL
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TP RAM HJ/N5] [6]. E#ASTIFER/DN SZARTARIELL, dT AR A R H SP RAM HZ L TP RAM
7, FELMMJCFE’J SP RAM HJEFASIIFELA /N T Bl SP RAM it ZEH B4 1 il 2 4R b,

5 RAM A 5 (8 S AU ELSE AT L2, PRI OEAE 5 9 SP RAM i DI FE A T A2 23/ o
2.2. EEEOFR

T B Hp 7 B AR 22 152 5 I o R ) S 13k 5 AP #8 (first in first out, FIFO), fRALHETIXLE FIFO )
RAM #{fH T TP RAM, E1THiZ 4R 2 325 MHz. fH TSMC ) 28 nm HPC ] Memory compiler 15 7]
PAAE FSAH [F] 25 B FO A% 650 ML) SP RAM. KX 4 TP RAM # # i SP RAM Ji it il LAIA 21y /b T A7
FEARTHRERI H . 9 T35 1) SP RAM S2HLE TP RAM HIZhfE, 52 AE SP RAM #h I N TP2SP
AP . % TP RAM #4ei SP RAM HIFE 3B B HE a1 Bron. M 1 aTRLEH], 325 M sk )
S EHE T2 TP2SP H@ H 5 T 650 M K5 SP RAM KI5 #1155, [FIF SP RAM K
T HH A T S Al 325 M) St R, HLER 5SS ) TP2SP RAM (%A LIS TP RAM () —
. RVHHETE L hEMESHES, HpEMTEOES, WAEAMEOES, AEEIESEE
5851 SP RAM #E#HIE 5

clk2x———»
clkx——9
rd_en——P>|
rd_addr——»

———1w_cs_clk2x—»

———rw_en_clk2x——p

———rw_addr_clk2x—»

TP2SP

wren | B wr data clkox—we| OF RAM
— wr_addr——»|
— wr_data—»
<¢—rd data clkx ~&—rd_data clk2x
Figure 1. Diagram of TP2SP RAM interface
1. TP2SP RAM #4518 $54E &
Table 1. Interface signals of TP2SP RAM conversion logics
= 1. TP2SP RAM HH#UZIEIEEZOES IR
clk2x 650 M
clkx 325M
rd_en TP RAM 325M
rd_addr TP RAM 325 M
wr_en TP RAM 325M
wr_addr TP RAM 325 M
wr_data TP RAM 325 M
rd data clkx TP RAM 325 M
rw_cs_clk2x SP RAM 650 M
rw_en_clk2x SP RAM 650 M
rw_addr_clk2x SP RAM 650 M
wr_data_clk2x SP RAM 650 M
rd_data clk2x SP RAM 650 M
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2.3. RIS EFERT

SP RAM HA —HiE5#HE S, TP RAM AWARSEHIE S, FrLlfiEl TP RAM MM AHIES
PEHIME S #H SP RAM I — 4545 5. clkx /& 325 M ) TP RAM I 055, clk2x /& 650 M
") SP RAM W #1155, BT TP RAM FIREfEAEILS M9, 1l SP RAM AN A EE MR, Kk s ik
BT SCFE TP RAM BRI 5 (1) S5y, Seliddl, S8R, kS EE; ) 35
MR, B IEEE, SAEEEE, ERES. A TEREENNR, HFESE—ADHNES rw_flag,
AR RN 2.0 SEE R HI TR AE rw_flag = 0 IS, rw flag = 1 I, R B frdeit
JE5, WS JEREAE rw_flag=0 I, rw flag=1 M5, [& 3 FH T 2%5 F 6 LN E S

D Q
CLK

rw_flag

clk2x

Figure 2. rw_flag generation logic
2.1w_flag #EHIES=HI1BHE
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Figure 3. TP2SP diagram of first writing and after reading
[ 3. TP2SP A EFIETFIZEE MR EE
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AR, rw_en_clk2x /2 SP RAM M E#EHIE S, X rw_en_clk2x=1 B5, 4 rw_en_clk2x = 0 B 1.
rw_cs_clk2x s& SP RAM HI Fi##I{E 5, 1w cs clk2x =1 FE 2. rw_addr clk2x & SP RAM HJEE5
HHEAE T

< 4 Frzr 9 SP RAM B HH (B H8 74 48 il AR 5 — A~ TP RAM B4 A A 88 I )7 6, clkx /& 325 M 1)
TP RAM FIRF 8155, clk2x /& 650 M ] SP RAM [0, rd en & AMH%IA T 325 M EFHp g i i 42 Hil {5
5, rd data clk2x 1ff /& SP RAM [F)#H % rd data clk2x ZEIR—AN clk2x G e, &4 2 hEs
PREF—A clkx IR FEHAR rd_data clkx $d

24. REBHK

BT A —EH AT AR T, AL P AHABRE R t R A —Ar 22 R . il A 5 % TR i AT L
L LNT I AT et — HEIRD S0 i T R (). B e (e, AR UCRE AR — AL 5 A0 — L AT 7 8l
S ARDXT AR B RS ZAL MME, e A2 i AL ANAR s A% T R Al — BERI RS (R AS): A2 5 A, K
A5 2230 — RS 5 B BEAT R G 5T, AFZA RIS e, /el — R ARRANAE . B TR M
Rt 12 i () e A — R R AR AR A, RORIAD> 1 I B R AR UK, T AT AR 3 A D e
[6] (7] BEIERTHZI B R b B A AL B R O TR/, 55 RAM A B (K32 AR T AU LA TT DL 2R

2.5, FFSEERBEARARSEEIES XK

HLEE P LLIE S TARE M S AR R . A G, BT DIZES P cell 2R, A5t
JEITFE A, RO HE R, BT LA AT DUIE b 12 B AT R (R B MU s MBI B, AT DL
1 CPU FITREM M e =i AR o HARSRAE QI PIEAT — S RIS, AR BT, MR
AZEA CPU Bt M) i s B AT &, IXPERIE A BT B, Mk, iRE, SREAH CPU At
REISAT i S . XFERTH A2 B — R ] UBCE CPU Mil%. CPU MCEMHEEmAE: 1. FF
R, 2 R RR, SRR RS CPU ZURIMR, REHTIEA, ZHFFEHEE.

e ]| I N
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Figure 4. Timing diagram of conversion logic for output data
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2 PRI, 172 FE0 R, R IR X, FEEE IR X R RO B R ¢ TR
BOEARFE” 1R, RERAE R B AR KA TAR R HORAE — A A X HL. A X K Bt
THE LSS SIPrIl H BT SR G5 18, 1 2 I X 2N SE IR IR St Rt AR, A i s il XA A
TRARERS IR IR XHIE )5, R MR IX B P A RN 5 22 AR, A] ORI A A X
A A F s 5 P AT A 2 DR ) i A5 DA R 00 2 2R Py T 2R A2 Ji AT T Ak 76 4 5k PR A U DX F) A
R, SRR AR o I A 7 3t AT DAy XA 5 DX P A DA (8 o

3. [RInFEITAEES R PRNA

AL AT TP RAM 5 2 FK 52, —FhiE 768 x 49, J—Fj& 320 x 64. {FHATHIMAL Tk
K TP RAM B3 sUAE 0K SP RAM. 4% 2 [ 3 3 B T8 A F i) TP RAM R AR ALJS ¥ SP RAM
(RS SOAH B TR AN D AR R o Horh DB R RSN DIAE S # A ThFE M, T3 DIFE RN 5155 ff:
FEEEE[9] [10], FrLAR R Ml 1 AR 132 S B R . TS TP RAM AR R 1 SR B 4% 1) SP
RAM, JIt AL 'S Bl 2388 AR AT — . & TP 45 TP RAM, SP 45 SP RAM: Compiler Lib /25
A2 % memory B [#) compiler library 28, rf-2p-uhde /27§ register file two port ultra-high density; T JJ#E
BHIRERBIER X, bR HHH T T2 Comer: TT/0.9V/85C. ¥ & XM memory 755 F FRAf
I/, 768 x 49 ) memory {1 T 750 4>, 320 x 64 ) memory {1/ T 510 /.

4. IHEGRE SR

PALRTFTA (¥ TP RAM F1 SP RAM HJTHIFUE AN 31.75 mm®, IIFEA 0.548 Wi A4k )5 (M TRLE A1 A
23.89 mm’, Th#EH 0.302 W, flAk/5 memory B/ 24.76%, IhaEib 44.89%. 4 4 FIH T HRACHTG
A memory AR K IHHFEXT LEEHE . A 7 MK memory HITH#E, > memory &R 11 LA S35 TIRE, X4
A memory S5 INRESS, 1% memory [N B FE B4 H, LRI & Dh#EH 1% memory ¥ 3)

Table 2. Data comparison between TP RAM and SP RAM in size 768 x 49
7% 2.768 x 49 #) TP RAM 5 SP RAM itk

TP/SP X Compiler Lib (MHz) / Corner Area (um?)  Power (uW)
TP 768 x 49 rf-2p-uhde 325 3.22%/3.22% TT/0.9v/85C  15914.09 386.75 750
SP 768 x 49 rf-sp-hde 650 1.61%/1.61% TT/0.9v/85C  11003.21 158.48 750

Table 3. Data comparison between TP RAM and SP RAM in size 320 x 64
7% 3.320 x 64 #9 TP RAM 5 SP RAM itk

TP/SP X Compiler Lib (MHz) / Corner Area (um?)  Power (uW)
TP 320 x 64 rf-2p-hde 325 0.8%/0.54% TT/0.9v/85C  16058.95 206.78 510
SP 320 x 64 rf-sp-hde 650 0.4%/0.27% TT/0.9v/85C 7854.8 58.62 510

Table 4. Area and power comparison between before optimization and after

= 4. MALRTRT B memory EFA R INFEXTELFIFR

%
(mm?) 31.75 23.89 24.76

(W) 0.548 0.302 44.89
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FEN 05 25 M11Z memory 5% % TS 5 M A8 A THRE R & T 1% memory FIZIHE. % memory 558 Al 5
TS 7 IR 2 Z ST 1% memory FIZIFE[11].

ek JE G B 48 TSMC 28 nm HPC L2 5281, 525 2574 & FCBGA33*33, i1 T 8 > ARM Cortex-A15

¥, CPU Z1THmiMi* A 1.3 GHz.
5. IhNg

ARSI 3 G I P R ) TP RAM B sl (i 41 SP RAM,  JF4E SP RAM A1 ik 5 4% 1 #4-46t

B, FE# R RAM SZHLE TP RAM HIThRE, MIMIAEBIBFRIIRER B . N T DR IhRE, XF
kb S 2 BEATAS B g, SR B 45 R IR B R R A A B ) R o0 X SRmE . (5 B EE R 4L 5 1 RAM
TR T 24.76%, IHFERERT 44.89%.
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