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: A 3D stacked SoC (System-on a Chip) is a multiple-layer

integrated circuit. Each layer consists of a number of
different function-based modules and has a local system
buses that include the control bus, address bus, and data
bus to connect these modules. A number of TSVs is used to
vertically connect different local system buses located on
each layer to form these local buses to be the global
system buses of a 3D stacked SoC. It is noted that the data
accessing time in global data bus is the key point for the
system performance of a 3D stacked SoC. In this work, we
proposed a heuristic algorithm for minimizing the critical
access time on a 3D data bus based on inserted bus switches
and repeaters. Given the topology of a 3D data bus with a
number of timing periods, the algorithm first inserts bus
switches to isolate those unnecessary local bus capacitive
loading by evaluating all the timing periods. Then, it
inserts signal repeaters close to their source drivers,
which are located on the current critical path, and tunes
their sizes to minimize the critical access time, 1i.e.,
Min(Max(Tij)). This tuning procedure is repeated until no
additional improvement. Some created 3D data buses with
various topologies using 45nm technology are tested and



experimental results show that our algorithm can
dramatically reduce the critical access time and the
repeater size of a 3D data bus up to 51.02% and 21.67% on
average.

# 2 B 43 ¢ 3D data bus; critical access time; bus switch; signal
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Abstract:

A 3D stacked SoC (System-on a Chip) is a multiple-layer integrated circuit. Each layer consists of a
number of different function-based modules and has a local system buses that include the control
bus, address bus, and data bus to connect these modules. A number of TSVs is used to vertically
connect different local system buses located on each layer to form these local buses to be the global
system buses of a 3D stacked SoC. It is noted that the data accessing time in global data bus is the
key point for the system performance of a 3D stacked SoC. In this work, we proposed a heuristic
algorithm for minimizing the critical access time on a 3D data bus based on inserted bus switches
and repeaters. Given the topology of a 3D data bus with a number of timing periods, the algorithm
first inserts bus switches to isolate those unnecessary local bus capacitive loading by evaluating all
the timing periods. Then, it inserts signal repeaters close to their source drivers, which are located
on the current critical path, and tunes their sizes to minimize the critical access time, i.e.,
Min(Max(Tj)). This tuning procedure is repeated until no additional improvement. Some created 3D
data buses with various topologies using 45nm technology are tested and experimental results show
that our algorithm can dramatically reduce the critical access time and the repeater size of a 3D data
bus up to 51.02% and 21.67% on average.

Keywords: 3D data bus; critical access time; bus switch; signal repeater
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W Jw B % op 3 #ic Find_Critical_AccessTime(n,p,i) » & = 45 | & * thip i & BB &
Critical_AccessTime ~ H g/ @,ﬁﬁl B 2 hterE i & R A @,gﬁl W EEp Fot B A=A
~ E£4F B > &2k RepeaterSizing():t & 2 £47 ® < - > E $14* Critical_AccessTime ' i< 2
AL EE S o et (T B EHF A LG o B ET IR B ik T
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##23% Find_Critical AccessTime(n pi)4r B+ — #7on & =ty B s iR T B
Critical_AccessTime ~ # fg-/ @,@J R BRI AT ORI pT > EAFEAE T
73 B-jE_source = i T smk #ojrFBH FERRS R AT RE TSV 2 @;@Jm 2
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3D_DataBus_MinMaxAccessTime ()
{ /* Abus topology with the number of m terminals, n segments,
and p timing periods. */
Scan a 3D data bus topology and construct its data structure.
Insert bus switches between TSVs and local buses located on
the critical access path.
repeat
Critical_AccessTime = Find_Critical_AccessTime (p,n,i);
/* i is the return source terminal that is also the driving repeater
along the critical access timing path.*/
pre_Critical_AcessTime = Critical_AccessTime;
reduce_AccessTime = MAX;
repeat
Let Bi be a repeater inserted possibly into the adjacent source
terminal i;
Sgi1 = Sgi2 = 1;
sizing_AccessTime = RepeaterSizing(ssi1);
if (sizing_AccessTime < reduce_AccessTime)
reduce_AccessTime = sizing_AccessTime;
sizing_AccessTime = RepeaterSizing(ssi2);
if (sizing_AccessTime < reduce_AccessTime)
reduce_AccessTime = sizing_AccessTime;
until  no improvement in sizing the repeater Bi

if (reduce_AccessTime < Critical_AccessTime)
{ Critical_AccessTime = reduce_AccessTime;

Store the inserted repeater Bi including location and sizes.
}

if (Critical_AccessTime < pre_Critical_AccessTime)
Store all inserted repeater data including locations and sizes.
until Critical_AccessTime > pre_Critical_AccessTime

Bl ZafpPeii2Ei ot FRsRErms ] b2 782
Find_Critical_AccessTime (n,p,i)
/* n is the number of bus segments, p is the number of different timing periods, and i is the return
source terminal that is also the driving repeater along the critical access timing path.*/
Begin
{ critical_delay = MIN;
for(m=1top)
{ Let i be source and j be sink for current timing period pp, ;
Construct the RC-based equivalent delay model for n segments with considering
transmission gated switches for isloating unnecessary bus loading capacitance.
Calculate the current delay current_delay, i.e., 7;; from sink j backtracking to source i;
if(current_delay > critical_delay )
{ critical_delay = current_delay;
Store critical_delay and the driving source terminal i along the current critical path;

M-

}
Return critical_delay and source terminal i;
}
End

BlLt- 2ES LTl 5B et

RepeaterSizing (sgi)
/* sg; is the size of a unidirectional repeater inserted into source driver i of the current critical path */
Begin

{ fory=1toM
{ adjust_critical_delay = max (Tij from multiple sources i to multiple sinks j in sg; = size y)
}

return adjust_critical_delay and size sg;

}
End

BlL=- AFERBrEHBDL ]2 gl
ZAFTHEREHE S DR FTHEGEFRF A P2 FERIFE 2 ORI AT
40 1 glAz:% Find_Critical_AccessTime(n,p,i) = &7 B A p 2 Tk @@?] % & source % i 1
5 & sink =3 j’i:kfﬁﬁ»i'?n‘:i@@?] 5 & source =i 5 £ sinkzh j i 7B ““"}ﬁiﬁ%iﬁ#@
TR REL T S W n’ > ] @425 Find_Critical AccessTlme() PERAFFER & O(p*n)
- Bl#2;% RepeaterSizing(Sgi) » A HEELAF B~ | o &) & A EMaEE EoLGEERS



BAfph TR EEEF a5 - BEAE RS ) DEREIE AT PR csource i 3
SE sink 3 j SHXEBERIENT RE N TR GERET > 8 F L E A Rk TG
B > %]t RepeaterSizing()z. F¥ B 4F 32 & 5 O(M*p*n?) o #711 » = @ F AR = o5 M gk =Y
TR PP B ] 1Y 2 B ¥ 2 3D_DataBus_MinMaxAccessTime() s pF [ 4F 32 & 5
O(M*p*n?) -

34

(z) RERFEHH

AR EHEY CHEZ RFRMFE N GFE 2 A WA d Inteld i7 CPU@2.7GHz, dual cores
with 8GB RAM » # it MS-Windows 10 » & § 5 #7* &4p i Elmore RC delay model %-#« 3
4o — ofon ¢ % 45nm B A2[10] 5 ry £ cy A B A H - AR (unit-length wire)ehd e B F
FEOIMMSV & cTSV AR LE- FF3@TSV)hT I ERRFE > rp ¥ e B4
8 - £ 4§ ¥ (unit-size repeater) s 31 ; J‘ELTE AT FRAP ISR G to A A
H - w7 B2 (a bus switch) e id F re & ~ ﬁs:] TEE YIRS o

% - 45nm @42 S#c

e=s+ eﬂﬁ'“*'

a unit-repeater a bus switch awire aTSV

rg 1220 s 10 M 0.1 Q/0] rTsV. | 0.035Q
Cg 24 fF Co 1000 fF Cy 0.2 fF/um2 cTSV 15.48 fF
tg 17 ps IS 10 ps - - - -

F12 527 3D pE RN AR RIEGF AP A FL13 0 T B R 3D = B ApH
Seynpt 5]+ > Test3 ~ CaseF ~ CaseG ~ CaseH 27 Casel » kipli#r# herng /2 > H9 5 - B
B+ Test3 2 FA % kjiz@ER - d N 2231 % Bled = 557 B2 A5 3D 4pfming
B+ A7 R k%% 0 L5 3~ RERE £ 4F B (source-driving repeaters) 2 3 B H £ o > il G ¥
£~ o B R (bus switches) o4& = ¢ »Tlength 22 Term 4 %] X & 3D fp# in 2 44
£ £ & (the total length) 22 %% k& 2 & &4 2L #ic & (the number of terminals) > Tim £ Per 4 %] it
4% 3D dpf min g2 El??}—? #c(the number of timings)#? p¥ 5 % #p #c(the number of timing
periods) > Tcri 22 Tmax 4 W %4 3D e iz A Y EE YR L3> AP L4 F
(source-driving repeaters) 2 &/ 7 4% 13 B~p* [ (the critical data access times) » Dsou £2 Sizes 4 |
R A2 RED £ A B et B (the total number of inserted source-driving repeaters) s H i #ic
£ ~ /] > Ctime % $4 7 CPU ehp# fFF > Saving = et T4L 3 B~p F 2 & 4 7 4 +* (the percentage
of (Tcir-Tmax)/Tcri) o 7 B 3 % 2 % 5 7% gy mﬁﬁj NERERIZE Ry Bt PR F
ECLHBEXRZE- A2 BrRBRFEAZTLIAE PR EMZ 16 BE =~ 2
Al M6 KA - FaRER K- B3DZ RIpH BRGNS 0 55 B RERE LA
% (source-driving repeaters)£2 3 B H < o] - ez 4 £ 46 » e n g B A (bus switches) - H T 5
Tk TR GERERT &4 10.88% T AR 5 0.073s & R AT iﬂzﬁh'ﬁ%ﬁhﬁ%ﬁ x = 32
4] m @@ LR ab|+ CaseF & Casel> v L 7+ cnbME L R H iR ?1"*' E
BpERE & o] 10.88% 0 A FlR R A DRMEEREF Y DT F LT /é =Y SE
Pepr e F]Pt gy Lo

- DHFERALNIIHEE LJEAORREEHE > LAY R BB Y
Tlength | Term | Tim/Per | Tcri(ns) | Tmax(ns) |Dsou/Per| Sizes | Ctime Saving

Test3 | 32326pum 12 36/12 4.294 3.786 10/12 32 0.090s 12.14%
CaseF | 60461um 15 34/15 11.005 9.947 15/15 46 0.138s 9.61%

CaseG | 43751um 10 6/6 4.088 3.591 4/6 21 0.010s 12.87%

CaseH | 42770um 9 6/6 7.392 6.587 4/6 20 0.010s 11.20%

CaseJ | 56006pm 21 24/19 10.755 9.834 14/19 42 0.118s 8.57%
Average - 32 0.073s 10.88%
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2Z 5T BARAH D FERBRPEHIZFTHES LT RBRS L E
(source-driving repeaters) £z 34 £ H | 2 4 £ 4% » it B B (bus switches) » H £ 3afe R F
GEPER T &4 11.07% > TIof AR F S 0077s R 4 THmmRHE A E L 25 B &4
oo B ARH TP R LR E A S 2 R A 5 Lk Z 2K BH|T PTRR TG OR
22 BB TRk TGRS RS

1z DHERALNIIHRLE B RRFEESBALE Y

o

Tlength Term Tim/Per Tcri(ns) Tmax(ns) Dsou/Per Sizes Ctime Saving

Test3 32326um 12 36/12 2.073 1.818 7/12 28 0.121s 12.31%
CaseF 60461um 15 34/15 5.367 4.862 9/15 34 0.120s 9.79%
CaseG 43751um 10 6/6 2.503 2.200 4/6 18 0.016s 12.13%
CaseH 42770um 9 6/6 3.189 2.823 3/6 17 0.015s 12.19%
Casel 56006pum 21 24/19 4.736 4.313 6/19 25 0.111s 8.94%
Average - 25 0.077s 11.07%

2w L2l B2 RAG5 3D e BT LG R B B M (bus switches)® £ & 3
Fr BT RSO TORA TR GEREET &4 3 2 51.02%2 T2k 5
EAFBX T E BE2167% - @ EiFAR hk]F CaseF 22 Case J» ¥ 2§ it sl 4
CER O BRAFTHEGEER A ARG EAATT &4 A RPE 3 F LR DRRERE
REFAHENTFAL T B 2B IR T F f it il o

ir SDFRBAEHIEFHALIE O RAEBMLIREE R

Tlength | Term | Tim/Per | wo-Tmax(ns) | w-Tmax(ns) | wo-Sizes | w-Sizes | Tmax-Saving | Size-Saving
Test3 | 32326pm | 12 36/12 3.786 1.818 32 28 51.98% 12.50%
CaseF 60461pum 15 34/15 9.947 4.862 46 34 51.12% 26.09%
CaseG | 43751um | 10 6/6 3.591 2.200 21 18 38.74% 14.28%
CaseH | 42770um 9 6/6 6.587 2.823 20 17 57.14% 15.0%
CaseJ | 56006um | 21 24/19 9.834 4.313 42 25 56.14% 40.48%
Average - 51.02% 21.67%

BLt=z@20O)7 4~ %5 3D = kdrfmiid i+ Test3 & CaseF 2 %% > Hip =i
o)+ Test3m 3 > E 54~ hSd L4 BE B2 B A RIEDS pd Dixies pll 2 20
TALGB-PER S 1.818ns: Hip IR b S CaseF A L3 ASmB LA BH R P
B ARIES pl5 Rl R pd 2 el TR GRS 4.862ns; HiTHE BIRIESKD £ AT B2
AREELIFECERGFFEHEZ A aE-KF L FErE e RSB LA B2 L] o

p11 p1z
o7 =11
1

(b)
Btz (20~ %5 3D = kiptteint b+ Test3 22 CaseF 2. 7 S & %
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Abstract—In this paper, we proposed a heuristic algorithm for minimizing the critical access time
on a 3D data bus based on inserted bus switches and repeaters. Given the topology of a 3D data bus
with a number of timing periods, the algorithm first inserts bus switches to isolate those
unnecessary local bus capacitive loading by evaluating all the timing periods. Then, it inserts signal
repeaters close to their source drivers, which are located on the current critical path, and tunes their
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sizes to minimize the critical access time. This tuning procedure is repeated until no additional
improvement. Some created 3D data buses with various topologies using 45nm technology are
tested and experimental results show that our algorithm can dramatically reduce the critical access
time of a 3D data bus up to 50.6% on average.

Keywords—3D data bus; critical access time; bus switch; signal repeater
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