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1. INTRODUCTION

When doing aspace resistance extraction, recent was detected that the node reduction
proces can lead to dangling local nodes, which are connected with only one. r@$istor
happens by a small change to the "oscil* deraorple. Thigeport explains what is the
case and what must be done to fix it.

First is explained ha the node group of the "oscilxample normally is reduced without

the occurance of the dangling node problem. The reduction step is done when the node
group becomes readyhen function readyGroup is calleéirst, all nodes are placed in

the array qn. A summary of this array can be printed with parameter
"delug.ready_group”. Secondall delayed nodes are eliminated with function
ngEliminateGroup. Third,the remaining nodes are reduced by calling function
reducGroupl. khall explain what is done by function reducGroupl.

Note that the followingpace command is used and a part of the outputvengi

% space -rF -Sdebug.ready_group=1 oscil

space: warning: no node join of subnodes with different conductor-type

for conductor mask 'caa’ at position (16, 32).
ready_grp: nodes=12 (del ayed=12 term=0 keep=0 area=0) adjgrps=0

ready_grp: nodes=69 (del ayed=58 ternr4 keep=0 area=7) adjgrps=0
ready_grp: nodes=136 (del ayed=126 ternm10 keep=0 area=0) adjgrps=0
ready_grp: nodes=137 (del ayed=126 ternmr1l keep=0 area=0) adjgrps=0
ready_grp: nodes=76 (del ayed=64 ternr4 keep=0 area=8) adjgrps=0
ready_grp: nodes=1 (del ayed=0 term1l keep=0 area=0) adjgrps=0

First you want to ask, where is the firsarming message come from®ell, different
conductor types of ast aea are touching each other and can not be joined.

And second you want maybe ask,ydne there so manready groups? That is indeed a
good question, there need not to be soyngroups. Ifound out, that accidental nwell is
laying under the poly to metal contaciBhat results in 9 isolated ready groups with only

1 node. Secondthe actve aea mask (caa) is also used for the 9 nwell and 9 substrate
contacts. Thiss completely unnecessary when looking to the technology file. It results
in the warning message and results in 18 isolated ready groups with 12 nodes each.

Note that the last ready group is of the "sens" and has 1 terminal node. The ready group
with 76 nodes is of the last poly (cpg) aréidhe ready group with 137 nodes is of the
"vdd" power supply line and nwell area. The ready group with 136 nodes is of the "vss"
power supply line.The ready group with 69 nodes is of the second last poly area and is
our group of interest. See the following page for a drawing of this group and thiagira

of the resistor network after elimination of the delayed nodes. Function readyGroup is
calling reducGroupl with this initial resistor network.

Figure 1 shows the resistor mesh between the nodes awd slsp the special nodes
with small circles. Figure 2 shows the remaining resistor ortwetween the 11 special
nodes after the elimination of the 58 delayed nodes.

The Nelsis IC Design System



Node reduction and dangling nodes

Below, figure 1 shows the resistor mesh and figure 2 the initial resistor network.
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This is the resistor network after Figure 2
the elimination of the delayed nodes.

There are 11 remaining nodes.

1275

Note that the order of the nodes
in array gn is important.

The order is given by the array
index numbers 0 - 10.

t=1

a=1 6

The Nelsis IC Design System



Node reduction and dangling nodes 3

In function reducGroupl, we start with the remaining nodes of the resistoonketsee
figure 2 abwe). Somespecial nodes can not be eliminated because dtee terminal
nodes. Thet terminal nodes (with t=1 flag), which are also a pin of a transidtote

that for the 2 d/s-area nodes (on the left) the nodes touchingatbeedge are joined
together And note, that the 2ate terminal nodes (on the right) are in the top-right
position of the gate area (see figure 1vaho

The 7 area nodes, Wwever, can possibly be eliminated. This is depended of the chosen
articulation reduction heuristic parametePaametemmin_art_degree=3 and parameter
min_degree=4 (are typical values) and are used by function reducAy®= Notdhat 6

line nodes (with a=1 flag) were created in the poly area and 1 area node (with a=2 flag)
was aeated for the M resistve metal area. And note that this metal area connects the
d/s areas with the poly area (see figure abo

The first node found by function reducArifyee, which may be eliminated is nodeltl.

has a degree=2 (res_cnt=2) which is less than parameter min_degree, thus is eliminated.
The resistor between nodes 3 and 5 becomes 182.3 ohm. The last node (10)
becomes nw node 1 in the gn array and ismehecled by reducArtDgree. Thenext

node which possibly can be eliminated isvneode 4. But this node has agiee=3,

which is >= min_art_dgree, thus is not eliminated. Node Swger, can be eliminated
(degree=2 < min_dgree). Theesistor between node 3 and 8 becomes 282.3 ohm.

Node 9 becomes monode 5 in the gn arrayThe nev node 5 is not eliminated, because
degree=4 >= min_dgree. Butnode 6 can be eliminated, because its degree=1 <
min_daree. Therare nov 8 nodes left (see figures below).

3 3 3 3
1 =1 =1 =1
9 nodes 8 nodes 7 nodes

284.8

a=106 a=106
Finally, node 7 can be eliminated, because its degree=3 < ngrea@le Thisresults in 7

nodes. Becaussodes 5 and 6 are not moraleated, thg are not eliminated. But when
another initial node order in gn was used, at least 1 more node could be eliminated.
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When nodes 5 and 6 are eliminated, the following network can be the result:

minimal resistor network: 5 nodes 3

Note that function reducArtDegree reaiates the keep status of the nodes (see code
below). For "term=2" nodes the keep status wals set to 1.For other nodes thedep
status is reset to 0 anglauated by function testRCelim, which can set the keep status
acpin. Nodeswith "keep=1" are not futherveluated by reducArtDgree. Havever, for
nodes eauated by reducArtDegree the keep status can beBmtause the node is an
area node which may not be eliminated. Note that for "term=1" nodes alseejhdl&g

can be set, but only when parameter min_art_degree <= 1.

Note that the nodedep status after that only isakiated by function reducMinRes.
Function reducMinRes shall skip the nodes with a sepkstatus. Thus only "term=1"
nodes with "keep=0" (which are not area nodes) aei@ed by function reducMinRes.
When this heuristic is used (parameter min_res > 0) and the resifiieris < min_res

the nodes are joined by a nodeRelJoin and the node is eliminated.

Note that nodeRelJoin does not set the "term" status of the remaining Tludds not
directly a problem for the other reduction functions (becausedit test for "term=1"
status anymore), but it is a problem whew wede must test for a set "term" status of the
node. D overcome this problem, mecode must also test for node "names".

Note that "area=1" nodes are not eliminated when_art_degree <= 2. And that
"area=2" nodes are not eliminated when min_art_degree greele Thusa doice for a
min_art_dgree <= 2 can result in dangling non terminal nodes with only one resistor (for
"area=2" nodes whemin_art_degree <= 1 because the dece=1). Alsa too low value

for min_degree (< 2) for "area=1" nodes can result in dangling non terminal nodes.

See the following part of the reducArtDegree code:

if (n->erm< 2) { n->keep = 0; cx =testRCelim(n); } else { n->keep = 1; }
if (n->keep == 0 && artReduc && cx >= 0) {

degree = 0;
if (n->area == 1) degree = 2;
else if (n->area ==2) { ... } /* conpute art degree */
else if (n->term== 1) degree = 1;
if (degree >= min_art_degree || degree >= 2 & n->res_cnt >= m n_degree) n->keep = 1;
}
if (n->keep == 0 & n->term==0) { elim(n); ... } /* and renove n fromagn */
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2. DANGLING NODE PROBLEM INTRODUCTION

When on the poly area ante terminal is placed (for example "st1"), then the regigti
mesh is locally a little changedhis also add 3 more nodes to the node group, see the
figure belav.

a=1
total 72 nodes
60 delayed nodes
Stl
az1 t=1
t=1
initial resistor network 1
12 nodes 3
5 t
5 {
h 150
188.2 . L8 -11636
184
56 \_208.2
6 2527 90.6 tall
a2 10 ~\1 S\ 9
180.5 302 1831 t
t 5
0 J7
130
D4

Function reducArtDegree can eliminate 3 nodes from thgealndtial resistor netwrk.
The following nodes: node 1 (node 11 -> 1), node 4 (node 10 -> 4) and node 5 (node 9 ->
5). Thisresults in a 282.3 ohm resistor between node 3 and 8 and nine remaining nodes.

Function reducMinRes can eliminate 1 resistor (and 1 node) less than 100 ohm from the
above resistor netwrk. It has a choice between 3 resistors connected to nodas11{y.

It takes the first one found and that is the 99.6 ohm resi$tat is not the best choice.
Nodes 1 and 4 (was 10) are joined. Node 4 has the keep status, thus node 1 is eliminated.
Note that node 4 should get the term status from nodg¢otle 8 becomes node 1 and

thus there are 8 remaining nodes. See the resistor network on the next page.
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resistor network after reducMinRes 3
8 nodes
2
t
188.2
6 2527
a2
180.5
t
0

Function reducMaxParRes carmntry to remwae 0o large resistors. Candidates are the
7221 and 9840 ohm resistofFunction reducMaxParRes shall first start with a non area
node and that is node Nodes 5, 4, 1 and 7 (in this order) are placed in the QC.array
For node 5 no candidate resistor is fouréor node 4 the 7221 ohm resistor is found.
Thus, this resistor element is revad. For node 1 the 9840 ohm resistor is fourddhus,

this resistor element is rewmd. After that, node 7 becomes a dangling internal node,
which is connected only to the 116.1 ohm resistor.

The «isting problem for the alve retwork can hawvever easy be resolved by doing
function reducArtDegree again after reducMinRes. Because node 7 can be eliminated
(res_cnt < min_dgee). Sedigure belov.

resistor network after reducArtDegree 3
7 nodes
2
t
188.2
6 2527
a2
180.5
t
0

Now, we can again use reducArtDegree to eliminate nodeWe get the follaving
resistors: 772.4 (3 - 4), 909.7 (3 - 5) and 145.2 (4 - 5). Note that we can not eliminate
node 4, because it has node "names". Note that when reducMinRegeseh®e 42.4

ohm resistgrthen also node 4 can be eliminated.
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3. NODE REDUCTION CONCLUSIONS

To forecome the problem to get a dangling internal node with only one registoust
invoke ayan reducArtDgree for each change in the resistor mekw Thisneeds to be
done for all resistor heuristics used in function reducGroupl. The elimination of a
dangling internal node is only possible when the node does wettia "term" status.

For an aea node, also parameter min_degree and min_art_degree must not be too small.

Note that for the SNE method, internal nodes can get the "term" status and are therefor
not eliminated. When such a node becomes dangling we can not easy eliminate that
node. V& can only possible lwer the "term" status when the node does naft ha
"names". Besidethat, such a node mustugaapacitors. Possiblie remea of couple
capacitors can also lead to a dangling node in a ready group.

A dangling node with only one resistor can also not be eliminated if it gets eke™k
status. Irthat case it is not really dangling, because it mugt ke@pacitors.

When reducArtDegree rescanning is used, more nodes are possible eliminated in an early
stage of the reduction proces. After that some other reduction functions are possible not
more needed and thatvgs maybe some reduction speed-up.

When a resistor is remed from the resistor network, we kwothat the articulation
degree is possibly changed. In some cases wet deed to remee the resistarbut we
can eliminate the node instead. And this cae @i nore accurate reduction.

When you add a terminal or label, its position must be chosen with care, because it can
easy introduce an extra vertical tile split. And thigeginother resistivity mesh and after
reduction other resistor values.

Depended of the choice by reducMinRes the final resistor network canféeerdif
Because of the use of thegdp" flag (i dort' know why this is necessary) a small resistor
between tw "keep"” nodes can not be rewed. Themin_sep_res heuristic does not use
this "keep" status and can be used to remiois small resistor (reducMinSepRes).

NOTE

| haveadded parameteielete_dangling to eliminate the dangling node problem.
This parameter is default "off".
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4. ABOUT GATE AREA NODE ASSIGNMENT

Always the top-right node of a transistor gate area is flagged as "terrm=ttie figure
belowv you see that this leads to an asymmetric resistor niBshs there is much more
resistance to G1 and too less to G2. Better (if possible) the center position afahe g
area should be taken for the gate node.

d/s—area ‘
282.
t=1 ‘ ‘
i metal : 250.3
3 178.8
252.7
pd
7
d/s—area
t=1
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5. reducMinResvs. reducMinSepRes

We compare functions reducMinRes and reducMinSepRes starting with following figure:

188.2

6

180.5

0

When parameter "min_res" is used, function reducMinRes shall try to reduce too small
resistors connected to nodes with non-keep status (that are only the terminal nodes 0, 1, 2,
3 and 5). For node 1 (terminal stl) three resistors less than 100 Ohm are fdumi,

node 1 can possibly be joined with one of the nodes 4, 5 dft@r that node 1 is
eliminated. Theaesulting network (see bel) is in all cases the same, no matter which
choice is madeThe only difference is, that the node name "st1" can\mn ¢o node 4,

50r8

188.2

6 2527

180.5
0

When we want, that stl is joined with node 5, then we must change the code of function
reducMinRes. Becausgbe node with lowest resistor value is the best candidate.
Note: In the result abhve we e that function reducMaxParRes needs to be done.

When we use function reducMinSepRes in place of function reducMinRes, what is the
difference? Sewarameter "min_sep_res" to 100 and reset "min_res" to zero.
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Function reducMinSepRes works different, it shall examine all nodes (not only the non-
keep ones). Besides that it shall joinotwodes using function nodeJoin, which does not
do a Gaussian node elimination of the "st1" node. Thus the network resultementif

we start with nodeJoin of nodes 1 and 4, see result:

2
stl
188.2
6 2527
4
180.5
0

Because of the nodeJoin reduction, the othem2ésistors are still in the nebrsk. Thus
next nodeJoin shall join nodes 1 and 4 and felty nodeJoin shall join nodes 4 and 5.
This gives a dangling node 1 as result:

2
stl
188.2
6 2527
4
180.5
0

In the result abee we e that function reducMaxParRes needsto be done anymore.
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If we start the reduction with the lowest resistor by function reducMinSepRes, we see
what happens below:

2
188.2
6 2527
180.5
0
@3
2
stl
188.2 282.3
6 2527
86
4 5
180.5 302
0 1
@3
2

1

We e that the same result is aclett We get a dangling node, which can be remdh
because it is a local node (set parame#ste_dangling to "on").

Note that the combination reducMinRes and reducMeREs can ge dmost the same
result as function reducMinSepRes and that reduclsid@s can ge the same dangling
node. Wheryou want to use the\eest resistor by function reducMinRes, set parameter
lowest_min_resto "on" (default: off).
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