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In this paper dashed-like power mesh wiring is presented and optimization of signal routing congestion
based on power mesh modification in integrated circuits (IC) is analyzed. Due to new Metallization approaches
and increase of counting and complexity of design rules the problem of routing congestion becomes one of the
key factors in IC physical design. Also new methods of optimization and analyzation need to be performed on
earlier design stages in order to minimize the probability of high routing congestion occurrence. The idea is to
create additional routing wire budget by cut power mesh wires and empty areas for signal routes which will
directly improve routing congestion. Measurements show that this technique brings more than 6,4%
improvement in routing congestion compared to the usual power and ground mesh wiring.

Besides, additional positive effect on IR drop reduction accrues in this structure but runtime for mesh
synthesis is increased due to more complex wire patterns. The suggested method can be used in designs with
complex architecture which makes design wire connections dense and highly congested.
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Introduction

Wide scale of technology brings additional complexity in design routing, moreover,
interconnects play a crucial role in the overall performance of the Integrated Circuits (IC). As
technology continues to scale down, the sizes of transistors are getting smaller and a significant
portion of circuit delay is coming from interconnects. Limited sizes of the die forces to minimize an
area which was the major concern in floorplan design.

Nowadays design complications bring interconnected increase in counting which is directly
connected to the routability. Moreover, dense power/ground mesh is needed to escape static IR drop
violation [1]. It directly increases issues of routability and brings lack of signal routing tracks in
different metal layers.

Different methods of power/ground network reduction are used for overcoming routability issue
[2, 3]. Most of these methods are post-processing already existing power/ground network in the areas
where there is lack of routing tracks. This kind of techniques are quite useful for fixing routability,
there are only two major disadvantages: runtime and possible worst timing QoR. The runtime increase
can be explained by the fact that for each area where lack of routing tracks exists time must be
considered. Dense power/ground mesh brings additional detours in the signal routing while in the case
of sparse power/ground mesh we can achieve better timing of QoR.

This paper represents sparse M5 metal routing pattern which can directly decrease routing
congestion, moreover, for saving runtime this pattern can be applied in the power mesh creation
process from the beginning.

Previous work

In previous work [4] dashed-like power mesh structure is presented and analyzed for IR drop. It
is compared with standard power mesh pattern which is presented in Figure 1.
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Fig. 1 Standard orthogonal structure. a) 3d view, b) top view

The idea of presented enhanced power/ground mesh structure is to trim the upper layer wires
between every second pair of power and ground nets, so this structure will look like a dashed line both
for power and ground nets. Measurements proved the positive impact on IR drop value. Presented
structure is shown in Figure 2.
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Fig. 2 Suggested structure with modified M6 layer. a) 3d view, b) top view

Created structure reduces total length of wires in power distribution network by about 40%
which leads to a decrease of wire resistance in total power/ground mesh and therefore to IR drop
reduction.

Modified structure

Daily increasing very large scale integration design complexity brings to increase of
interconnect counting which directly impacts on routing congestion overhead [5]. For complex designs
routing track availability is critical which rises importance of optimal usage of routing tracks in the IC
design.

To overcome lack of routing tracks in the different metal layers the suggested method can be
used, this work focuses on switching of modified layers in the previously suggested structure for
changing Metal 5 metallization layer instead of Metal 6. This change will bring accessibility issue to
the lower standard cell power rails on the Metal 1 layer, that is why direction of the power and ground
straps in top layers must be swapped. After swapping, Metal 6 straps are vertical and Metal 5 shapes
are horizontal. After the above mentioned change full access to standard cell rails on Metal 1 is
recovered. This structure allows Place and Route tool to use empty space for signal routing. Modified
structure is shown in Figure 3.

4

Fig. 3. Modified structure with changed Metal 5 and Metal 6 layers
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Runtime for power and ground mesh synthesis is increased by about 12% and their values are

demonstrated in Table 1.

Power mesh synthesis runtime comparison

Structure

Value

Standard

36,14 minutes

Suggested

40,57 minutes

Experimental results

Table 1

The tructure suggested in previous work was modified as described above. Afterwards for

designs with both standard and suggested structures were implemented traditionally as Place and
Route steps. All constraints and power mesh parameters were kept the same for correct comparison.
Routing reports were collected and analyzed for both mesh structures. Results are demonstrated in

Table 2.

Routing reports

Table 2

Report Layer name Standard structure Suggested structure

Metal 1 9866.065 um 9754.225 um
Metal 2 88449.615 um 88653.300 um

Wire length Metal 3 1197187.470 um 938029.840 um
Metal 4 829913.240 um 818078.305 um
Metal 5 5732.230 um 262127.390 um
Metal 1 147689 146755
Metal 2 489761 492168

Number of wires Metal 3 891454 829210
Metal 4 479584 463567
Metal 5 7373 23582

Total wire length reduced about 0,7% compared to signal routing with standard mesh structure.
Routing reports are demonstrating that Place and Route tool uses Metal 5 layer for more signal routes
and number of wires on that layer increased more than by 219% compared to standard mesh value.
Runtime for routing is demonstrated in Table 3.

Table 3
Routing runtime comparison

Structure Value
Standard 11,99 hours
Suggested 11,41 hours

Metal layer congestion was analyzed for both structures from Metal 3 to Metal 5 layers. Results
are demonstrated in Table 4 and Table 5.

Table 4
Congestion reports on each layer
Layer name Total number of wires with lack of track Maximum overflow value
Standard mesh Suggested mesh Standard mesh Suggested mesh
Metal 3 386 378 4 3
Metal 4 18 0 1 0
Metal 5 0 0 0 0

Reports show that Metal 3 layer is highly congested, also Metal 4 layer has some percent of
congested areas. Comparison of these reports proves that congestion is reduced in case of using
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proposed power mesh structure. Congestion on Metal 3 reduced by about 2%, while on Metal 4 the
layer disappeared completely.

Table 5
Total congestion reports
Routing Direction Total number of wires with lack of track Maximum overflow value
Standard mesh Suggested mesh Standard mesh Suggested mesh
Horizontal 18 0 1 0
Vertical 386 378 4 3

Total congested cases in design reduced by 6,4%. Congestion disappearance on Metal 4 proves
that proposed power mesh structure can be used when lower layer is highly congested which can bring
to congestion reduction on even lower metal layers in big System on a Chip systems. These
measurements were done on different design architectures and overall results are the same and this fact
proves the effectiveness of suggested structure.

Conclusion

Observed experimental results proved the effectiveness of suggested power and ground mesh
structure. This mesh structure is implemented in the first step of IC implementation which saves
timing resources by reducing congestion cases which need to be debugged and fixed. Suggested mesh
can be used in dense and highly congested designs.
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orusouul ouLMrursENLYUDNRE3UL <ESURNSNRE3NRLLE ULNRSU UL
SuLSh 4ESUGTU3PL UWUMNKSUUDLh HTsNLNRYU

Jd.U. Quuthnjunny

Uju wotuwwmwupnid ubipywjwgywsd b hunbgpw| ufubidwih (PU) vudwt nnnbph Yhawnwgdwihu
Yuwnnigwdpp L hbunwgnunwsd & dpwaddwu dwupwpbnujwdnigjwu wlwpyndp thnthnfugwd
Ywnnigywdph wpryniupnid: Lnp dbnwnwjiwgdwt dninbignudtbph b bwhuwgddwt Ywunuubph
pwuwyh wéh b upwug pwpnbigdwu hnbwupny dpwagddwt dwupwpbnujwsénipniup nwnpéb) L hU-

h  bhghlwlwu vwhiwgddwu gluwynp nddwpnyeniuubiphg  dbyp: Cuwn  dbpnugwih  unp
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htnmwgnudwu b (wywnpydwu dbpnnubp wbwp £ Yhpwnybt twhuwgddwu twfuuwywu thnybpnid,
npwbugh Ywufudh dpwgddwu dwupwpbinujwdniejwu wnwowgnidp: Uhipp Yujwunwd £ |pugnighs
Spwagddwu dhongubin unbtindtiint b wgnwugwuwht dpwgddwt hwdwp wnwpwdp wqunbine dky,
husp ninwyhnpbu Jwdwgunid £ dpwgddwt dwupwpbinujwdnie)niup: Quithnuubipp wwwgnignid b,
np dbpnnp pbpnd £ 6.4% Spwgddwu dwupwpbnujwdniejwt  ujwqdwt h wwppbpnyeniu
unynpwlwu utdwu hwdwlwnpgh Yunnigywdph:

Pwgh wn' (pwgnighs wnwybnuyginiu & jwpdwt wuydwu ujwgbgndp wnwowplynn dbennh
Yhpwndwu nbwpnuw, pwyg npw hbwn JdbYy nbn wdbwund § twhwgddwt dwdwuwlyp' vudwu
nnntiph wytih pwpn unnigguodph wwwndwnny: Unwewnlynn dbennp Ywpnn £ Yhpwnyb) ndywn
Ywnnigwdp niubignn bwfuwgdtipnd, npunbin gnnigintu niuh pwpdp dpwagddwu fuinnienu U
Swupwpbnuwdnipniu:

Pwuwih pwnbp. Spwgddwu Swupwpbnujwodnyeniu, uudwu/hnnh  gwug, |wpbiph
Epywpnientt, swithnud:
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NCCIEJOBAHMUE INEPEI'PYKEHHOCTHU TPACCUPOBKU I1PU
IIYHKTUPHOM CETHU MATAHUA

B.A. JI:xxannosiaios
Poccuiicko-apmanckuil ynueepcumem

B nanHOll crarbe mpeacTaBieHa IYHKTHUPHAs CTPYKTypa MPOBOIOB CETH MHUTaHUSA U
MIPOAHAIM3UPOBAHO YIYUIICHUE NEePErpy’KEHHOCTH TPACCUPOBKH BCIIEICTBHE M3MEHEHUS! CTPYKTYPbI
cetu nutaHus uHTerpanpHoi cxemsl (MC). M3-3a HOBBIX MOAXOA0B K METAJUIM3ALUN U YBEIUYCHHUS
KOJINYECTBA MPaBWJI MPOCKTUPOBAHMA U UX YCIIOKHEHHUS MpoljeMa Meperpy’kKeHHOCTH TPacCUPOBKU
cTajia OJJHMM M3 OCHOBHBIX (hakTopoB pu ¢puzmyeckom npoektupoBanuu VC. Takke HOBbIE METO/BI
JUI aHaJIM3a M ONTHMHU3ALMM JOJDKHBI ObITH BHEAPEHBI HA PAaHHUX 3Talax MPOCKTHUPOBAHUS IS
MPEJOTBPAIEHUS] BOZHUKHOBEHHS NEPErpyKeHHOCTH TPACCHPOBKU. Vnest 3akimovaeTcss B CO3JaHHE
JOTOJIHUTEJIHOTO Pecypca Uil TPACCUPOBKH IHpU OOpe3ke MPOBOAOB MHUTAHUS U OCBOOOXKICHHM
MeCTa JJIsl CUTHAJIBHON TPAacCHUPOBKH, YTO HAIMPSIMYIO YJIYYIIAeT HEepPerpy>kKeHHOCTb TPACCHPOBKH.
W3mepenust O0Ka3bpIBalOT, YTO 3Ta METOAMKA MPHUBOAWT K YMEHBIICHHIO TeperpyKeHHOCTH
TpacCUpOBKH Ha 6.4% B CpaBHEHUM CO CTAHAAPTHON CTPYKTYPOM CETH MUTAHUS.

IloMumo 3TOrO, JONOJIHUTENBHBIM INPEUMYLIECTBOM SIBJSIETCS. YMEHBLICHUE IaJeHUs
HampspKeHUS C  TMPUMEHEHHWEM JaHHOW CTPYKTYpbl, HO TIPH 3TOM YBEJIWYMBAEeTCd BpeMs
MPOEKTHPOBAHUS CETH IHUTaHUS H3-3a Oojee CIOXKHOMW CTPYKTYpbl NpoBoaoB. IlpemioskeHHas
METOZIMKAa MOXET OBITh UCIIONB30BaHA B OJIOKAX CO CIIOKHOW apXHTEKTYPOH, B KOTOPBIX HMEETCs
BBICOKasI IJIOTHOCTh TPACCHUPOBKH U NMEPETPYKEHHOCTD.

KiroueBble ciioBa: meperpyeHHOCTh TPACCUPOBKH, CETh MHUTAHHSA/3EMIIH, JUIMHA MIPOBOJOB,
U3MEpEHHE.

Lbipywjwgyby £ 11.05.2020p.
SYpwiunudwu b niquipyyb)' 11.05.2020p.
Bpwotuwynpyby £ nywgpnipyui’ 15.06.2020p.

76



