


e Pin Access check run time. A big standard cell list in the pin access
check can bring to big tool runtime like hours and even days and also cause
huge usage of machine resources [4].

o Separate designs for each library cell for pin access check. As all cells
need to be checked by themselves and with other library cells, too many
designs need to be taken into consideration. This makes hard to do signoff
checks and verifications on one design and requires many runs.

o Less case coverage for test design. Sometimes, to create any circuit
design, not all standard cells are needed from the library. Hence some cells will
be unused and unverified. Also, not all abutment and routing cases can be used
for design as placement and routes are in line with the gate level netlist [5].

Standard cell test design. A simple way of standard cell library validation
is the test design creation (Fig. 2). This can be done with any RTL (Register
Transfer Level) description. At first RTL description of design is synthesized
into Gate level description. This description involves standard library cells
which the synthesizer tool decides to use, according to the design constraints
that have been given. Later, the Place and Route tool uses gate level description
and library cells to create a manufacturable IC layout [5].

In the next phase, DRC (Design Rule Check) and LVS (Layout Versus
Schematic) checks are applied, and if there are problems coming from standard
cell library cells, those cells might be updated to meet the problems’ solutions.

RTL Description

Under-test
library

Standard Cell

Library Synthesizer

Place & Route

Signoff
Verification
Pass

Check Issue
Source

Silicon
Verification

Standard cell pin access checker. For latest nanotechnology processes,

Fig. 2. RTL to the Layout design flow

accessing to I/O pins of standard cells is becoming an important problem. With
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more transistors used and more complex routing and placing rules considered
(the same net spacing, metal min width, end-to-end spacing etc.) mentioned
above challenges begin to require more attention.

It is important to consider standard cells’ pin access points and ensure the
maximum number of accessibility while in the development phase - to have
optimal placement on the chip.

A standard cell can have different layout configuration and sizes (Fig. 3).
Different sizes allow different count of tracks to go through the standard cell,
which allows different count of metals to pass through the cell [5]. With
technology scaling, the cell size is becoming smaller and smaller, thus making
the tracks fewer. This causes challenges for the router while connecting to
standard cell pins [6].

Ll [l

Cell B

Fig. 3. Two ways of the same cell layout

For the given example (Fig. 3), cell B has better routability for pin
access. Cell A has pins that are blocking each other and routing one of them can
cause problems in routing the other.

The pin access checker creates a design with possible standard cell
orientations of placement. In this way, a limited amount of routing space and
lithography constraints makes the intercell pin access interference unavoidable,
hereby causing DRC violations [7].

The main DRC issues (Fig. 4) are described below:

e DRCissue 1 — Line to line spacing issue because of the placed Via

e DRC issue 2 — Via center to center spacing issue

e DRC issue 3 — Short
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Fig. 4. The Pin access caused DRC issues

Standard cell pin access checker integration in test design. Standard cell
pin access check integration in test design flow (Fig. 5) is a different approach
of standard cell-based test design creation. It is meant to address runtime issues
that are coming from pin access checker flow and add more cell check test
cases than that in test design. Along with this, the flow allows to have one
relatively big design, still having the opportunity to run Signoff DRC/LVS, etc.
on it. While having one more simple RTL description in its structure, this check
also combines all other unused cells. In this way, it can cover 100% cell usage
from the library, hence it can cover more cell abutment and routing cases.

Synthesizer
tool

Simple RTL
description

Gatelevel
Netlist
from RTL

Place and
route tool

Under-test
library

Gatelevel
Netlist netlist

generator with all

cells

Issues OK
w

End of verification

Standard cell
updates

T Pin access, abutment

Source
of issue

Constraints, files

Fig. 5. Standard cell pin access checker integrated test design flow

Flow inputs are Standard Cell Library, simple RTL description netlist and
technology-specific files (example: technology file).
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The simple RTL description netlist is used to create a small real design
which will be combined with the second netlist. This will give a chance to have
a design on which the LVS check can be run.

The netlist generator is a script, that takes all the cells from the library,
excluding the cells that are physical only, randomly connects half of the pins of
the cell to similar nets on other cells and half of the pins connects randomly to
other nets. Meanwhile, the netlist generator also marks cells as “left”, “right”,
“center”, “up”, “down”, “flipped” and “last” which will be used later on place
and route step to correctly place the cells and maximally duplicate the pin
access checker function (Fig. 6).

-

J

CELLNAME_1 inst_CELLNAME_1_cntr ( .A(In[43]),
_B(In[63]), .C(Out[178]) );

CELLNAME_2 inst_CELLNAME_2_cntr ( .A(In[40]),
.B(In[47]), .C(In[50]), .D(Out[188]));

CELLNAME_3 inst_CELLNAME_3_cntr ( .A(In[41]),
.B(Out[198]);

CELLNAME_4 inst_CELLNAME_4_cntr ( .A(In[48]),
.B(Out[32)));

CELLNAME_5 inst_CELLNAME_5_cntr ( .A(In[60]),
B(Out[78]));

CELLNAME_6 inst_CELLNAME_6_cntr ( .A(In[100]),
.B(Out[19]), .C(Out[55]), .D(Out[44]),);

CELLNAME_7 inst_CELLNAME_7_cntr ( .A(In[15]),
.B(Out[18]));

Fig. 6. Generated netlist example

All cells that are used in physical designs can have 4 placement
orientations (Fig. 7).

ul g,

I DN D
Normal Mirror Y Mirror X Rotate 180

Fig. 7. Placement orientations

The proposed flow can use the placement constraints to place cells with
strait and flipped orientations. This causes more case coverage (Fig. 8).



Mirror X, 2
Rotate 180 Flipped row
Mirror Y Normal row
Mirror X, .
Rotate 180 Flipped row
=
a)
E——
Mirror Y,
Normal Normal row
Mirror Y Mirror Y MirrorY | Mirror Y Flipped row

Mirror Y,
Normal

Normal row

I
b)
Fig. 8. The two possible placement examples: a) and b)

After successful placement, the pins of standard cells are routed as in the
netlist file. While routing the cells from the generated netlist from RTL
description, synthesized netlist cells also pass the routing stage making the
router run process more challenging and giving more cases to check the routing.

To demonstrate the benefits of the proposed algorithm, 3 test runs were
done with the standard test design flow, a separate pin access check and pin
access integration in test design in case of 3 different standard library cell sets.
The results were compared and analyzed to show the run time and standard cell
abutment case coverage (Table).
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Table

Cell Design Type
count Comparison Test design Pin access Demon.strated
algorithm
50 Cells Runtime 337,8 sec 5267,6 sec 675 sec
Case Coverage 10 abut. case 48 abut. case 40 abut. case
100 Cells Runtime 364 sec 6212,8 sec 685 sec
Case Coverage 27 abut. case 97 abut. case 93 abut. case
200 Cells Runtime 390 sec 7937,5 sec 705 sec
Case Coverage 52 abut. case 195 abut case 187 abut. case

Comparison result for three types of runs

Conclusion. An algorithm with pin-access integration in test design
creation flow is demonstrated for the standard cell verification process. It
validates all cells of the standard cell library with real design and gives an
opportunity to run signoff DRC/LVS, etc. checks on the results. The technique
significantly reduces the runtime of the design creation (nearly 10X) compared

with pin-access check. However, it reduces also the coverage cases. Cells are

placed with normal and flipped orientations and routing is done with random

priority, challenging the router and creating more ways of routing/pin tests.
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Ukpjuyugdws L unwbnupun pohoubinh Gintunubph hwuwbbjhnipyui uinniqdwt
wignphpdh’ thnpdiwfwi twwgsmud hnkgpdwi Ukpnnp, nph §hpundwb wpnynibpnid
nhunwplynid ko dnn 65%-n1] wiljh swn nkquljuydwb b Spugsdwi nhupkp hwdbdw-
nwd hopdtwljui twpuwgsh, puyg phpwgph dudwibwlp quinunnd E dnn 2 whqud’
pohoutipnh hwwnntl hwdwnpuwi b $pugsdwut yundwnny: Zudbdwinws unwbnupin pohe-
tbph knuunbbph hwuwbbjhmpub vnnquwi wignphpuh htn' dwldus wignphpup
wpuwg £ Unn 9 wiqud, puyg nknuljuwydwt b spwugdsdw nhwpbph dSwsynnuljwunipniup
wuwluwu kE Unnn 8%-ny: Upmljqwus wignphpdp htwpuynpmipnit £ wnwhu twhwugsdub
wjupunhi wdpnnowlwi uinmgnudikp unwptk) b nupplpnipgm Enuunibph hwuwbh-
1hnipjut unniguw wygnphpuh:

Unwigpuypl punkp. tiniunubph hwuwbbhmpnit, hopdtwlub twpuwughs, dh-

qhjulut twhiwughs:

C.C. ABA34H, B.A. JIKKAHITIOJIAOB, H.3. MAMUKOHSH

NHTETPALIUA ITPOBEPKU JOCTYINHOCTHU KOHTAKTOB CTAHJAPTHBIX
SAYEEK B BEPU®UKAILIAIO YCTPOMCTBA JIJIsI TECTUPOBKH

[IpencraBneH alropuTM MHTETPAIIMA MPOBEPKH TOCTYITHOCTH KOHTAKTOB CTaHIAPT-
HBIX SY€CK B BepH(PHUKALUIO YCTPOUCTBA IS TSCTUPOBKH, KOTOPBIH MOKPHIBACT MPHOINA3U-
TENBHO Ha 65% OOJIbIIe BAPHAHTOB PAa3MEIICHUS U TPACCUPOBKH, HO MIPUMEPHO B JBa pasa
MeJUICHHee B CpaBHEHHMH C BepU(UKallMell yCTpoWCTBa 111 TECTHPOBKU Oe3 pazpaboTaHHOro
JITOpUTMa W3-32 TIPOBEPKH BapHaHTOB pa3sMEIIEHHS M TPAaCCHPOBKU CTAaHIAPTHBIX sS4YeeK
MEXIy coOoii. B cpaBHEHHH ¢ MapIIPYTOM IPOBEPKU JOCTYITHOCTH KOHTAKTOB, aJITOPUTM
OBICTpee mpUMEPHO B 9 pa3 M MOKPBIBaeT IpUMEPHO Ha 8% MEHBIIE CIydaeB pa3MeIIeHUs
1 TpaccupoBKH. Pa3paboTaHHBIN aNTOpPHUTM JelTaeT BO3MOKHOM NMPOBEPKY BCEX CTaHIAPT-
HBIX STYEEeK M3 HCIOIB3yeMOH OMOINOTEKH.

Kntouegwvle cnosa: n1OCTYTHOCTh KOHTAKTOB, IIPOEKT U TECTUPOBKH, (PU3UIECKOE
MIPOEKTUPOBAHUE.
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