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e Introduction



'a Semi-Custom Design Flow
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ASIC Semi-Custom Custom
NSt & deljfate

e Semi-custom flow is a efficient design methodology with
delicate manipulations for place & route of circuits

 Depends on the programmable interface provided by the
EDA tools to accelerate the development

Requires designers to have deep comprehensions for
both designs and tools
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 Problem Description



Qm Power Network Construction
o For Standard Cells
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bump M7, Via67

M7 and M6 act as the power/ground network in the Godson-3 project.
M1 serves as the follow pins of the standard cells.
But hard macros employ different measures......



6 Power Network Construction
For Macros o

AUTOMATION

Internal
structure

M5 acts as power/ground pins of macros.
» To guarantee their power supply, M6 power straps are “pasted” on M5 pins.

 The top of the macros can only accommodate the horizontal M7 and the
vertical M6 signal wires among the narrow M6 straps.



6 Different Power Network
Between Std Cells & Macros
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Floorplan of L2 Cache

Size of L2 Cache:

Size = 4096 (72-8) x32/8 =1MB
words bits ecc

Needed wires for 1 way:

Num = (7¢2 +72+12+13)*8 =1352

4 4
D Q A ctrl

But the channel can hold:
Num = 8?.4>< (1/0.2x %) =894

width pitch M2+M4

At most accommodate

890 wires for the
89.4um channel
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DESIGNAUTOMATIONCONFERENCE

YEARS

» |f the wires related to Q pins are passed over

the macros, the channel would accommodate:

(72+12+13)*8=776
It is less than 890 so feasible.
» But the wires related to Q pins can only pass
through the narrow space among the M6

straps, and the available routing resource are
not on the tracks! So tools can not help.

Feedthrough, IV P.-"G Het, Ivia y’a

route guide route guaide
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tem Challenge for the Routing

Q... D+A+Ctrl Q...



Agenda

AAAAAAAAAA

e Solutions



‘ Insert Guide Buffer
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 Include them in the RTL codes and name them specifically.
e Use “set_cell location” to place them during floorplan.

[«] # Applications Places System > 9:40 AM

Options: x|

Brightness:[100% | view Level |m =

Ap)

Options: |

—Show flylines

[Selected to All =

Objects | Layers | Settings |
™ as minimum span tree

Object Type [vis [sel

L]

¥ to unplaced objects

Die Area O
Core Area | skip logic levels:[0 =]
- Port Max net fanout: [100 =
[rorminal o Net type filter
cell
Fin F signal I~ Power
I~ Clock I~ Ground
Site Row !
= ST_SPHSGP_4096 ST_SPHSGP_4096x72m4_R
oo - - - - - - - Net name filter
Flan G
e Perrrers & Include ¢ Exclude
=2
RP Group =] Net
RP Keepout I Use regular expressions

Voltage Area —style

NORO0O0000000000O0O00EK

Pin Guide
Via Region Bl =
Route Guide
Global Route o
Shape
Via
Track
MW Sys Objs ]
- Text [}
Labels

ST _SPHSGP_4096x|

[ELL

v
673.979, 3985.535 |Ee\| 55

Executing command ‘open_mw_cel zhangg_fp* |CE” 55

[click objects or drag a box to select (Hald Ctrl to add. Shift to remove)

[TOP (on nodeg)] H [cpu@client156: —/fjunxu] H B8 TOP (on nodes)

[+][«] [ @ xuj@nodes: ~/godson3/scacheficc || B TOP (on nodes)




Write Perl| to Generate the
w......... Routing Commands

o
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" :
location of macro
top&down
coordinates

y

create _net_over_macro.pl

(p1009 X 1sT+Y211d)
uol1edo| LN

M6&M7 signal M6 signal nets
routing scripts name & location

* Primary data structure
- array_pin_x[] & array_pin_y[]: Q[*] location
- m6_x[]: M6 signal location
- m7_y[]: M7 signal location



Input pattern and data
structure building

Input file recording location of Q[*]:
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scacheaccess_0/scacheramO/scache_ramO/scache_dataO/data0/I1/Q[16] {661.630 5140.450} {662.150 5140.550}
scacheaccess_0/scacheramO/scache_ramO/scache_dataO/data0/I1/Q[17] {661.630 5143.250} {662.150 5143.350}
scacheaccess_0/scacheramO/scache_ramO/scache_dataO/data0/I1/Q[18] {661.630 5150.250} {662.150 5150.350}
f t
index lIx Iy urx —ury

$array _ pin_ x[$index] = (lIx + urx)/2
$array _ pin _ y[Sindex] = (lly +ury)/2

Input file recording location of M6 PG straps (sorted by x coord):

create_net_shape -no_snap -type path -net gnd -layer M6 -datatype 0 -path_type O -width 0.7 -route_type pg_strap

-points {{ 661.635 223.31} {661.635 649.51}}

create_net_shape -no_snap -type path -net vdd -layer M6 -datatype O -path_type 0 -width 1.44 -route_type pg_strap
-points {{ 660.125 223.31} {660.125 649.51}}

create_net_shape -no_snap -type path -net gnd -layer M6 -datatype O -path_type O -width 0.66 -route_type pg_strap

-points {{ 6?8.645 2%3.31} {658}645 649.?1}}

15 Iy urx ury width
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Iterate e E—

Y

space = previous X - current X

yes

mé_x[i] = current_x + space/2

net nameli] is feedthrough?=

yes

I print it in tcl stle n——

=

current_x = llx; —

b Generate M6_x[]

print <<eOF;

create_net_shape -no_snap -type path \\

-net $net_name\[$index\] \\

-layer M6 -datatype O -path_type O \\

-width $this_width -route_type user_enter \\

-points {{ $this_x $this_bottom} {$this_x $this_top}}
EOF

$this_bottom $this_top"”,"\n";

# Output to another file for later use
print OUTPUT "$net_name\[$index\] $this_x

record location info IE_

Lttt |

iterate

current_x previous_x



[. Generate M7_y][]
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M7 éG (a) Both spaces are safe

) (b) When only one is safe,
SRAM add one offset to meet the
minimal requirement

(c) When it conflicts with
the up net, continue to
adjust!
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Code Clip for M7_y[]
w........ Generation

for ($index = SNUMBER-1; $index >= 0; $index--) {

$m7_pg low = sprintf "%d", (Sarray_pin_y([$index]-3m7_pg_first y)/$m7 pg pitch;
Slow m7 pg loc=5%m7 pg low*Sm7 pg pitch + $m7 pg first y;

$high m7 pg loc =S$low m7 pg loc + $m7 pg pitch;

$high space = $high m7 pg loc - $q pin_y[$index);

$low space =$q pin y[$index] - Slow m7 pg loc;

if ($high_space == Ssafe distance && $low space == Ssafe distance) |
$m7 y[$index]=%q pin_ y[Sindex];
t elsif (Shigh space < $safe distance) {

$m7_y[$index]=$high m7 pg_loc - 2.25 - 0.7;

$m7 y[$index]=$low m7 pg loc+2.25+0.7;

sradjust m7 y[]
if ($m7_y[Sindex+1] - Sm7 y[Sindex])<1.2) |
$m7_y[$index] = Sm7_y[Sindex+1] -1.2;
if (($m7 y[Sindex] - Slow m7 pg loc) < Ssafe distance ) {
$m7 y[$index]=$low m7 pg loc-2.25-0.7;

1
i
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/

7 PG
\

||| [

t Drawing M7, M6 wires and Via67
) GO8 once M6_x[]&M7_y[] are done

Irprint <<EOF;
create_net_shape -no_snap -type path \\
-net $dgr_net\[$net_index\] \\
-layer M6 -datatype O -path_type 0 -width
$this_width -route_type user_enter \\
I _points {{ $m6_x[$net_index]
I $this_bottom} {$m6_x[$net_index]
I $m7_y[$net_index]}}
|
| create_net_shape -no_snap -type wire \\
| -net $dgr_net\[$net_index\] \\
| -layer M7 -datatype O -path_type 0 -width
$this_width -route_type user_enter \\
I -length $m7_length \\
-origin {$m6_x[$net_index]
: $m7_y[$net_index]}

| create_via -no_snap -type via \\
I -net $dgr_net\[$net_index\] \\

I -master AVNT_via6 -route_type
| user_enter \\

| -at {$m6_x[$net_index]

| $m7_y[$net_index]} -orient N
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M5

X

Via5¢/via67
RA M M3 B
M3 B
M5
—
Vias4g/via67

onl

X via4s

via34
M4
X via45

Connecting Q pins with M7

Length of M3 is

fixed, other nets
are computed
based on actual
situations!
Except ...
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Connecting Q pins with M7

... wires - situation 2

Space is so

) -

small that Length of M3 is

4 is short! increased!




' Actual picture
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E| @ Applications  Places System & s:48 AM & El

J[ealiss0aa N

Options: x|

Brightness:|100% ~| View Level:(0 3:

Objects | Layers | Settings'

Ap)

Object Type ‘V\s.|5e\ ‘Clr B

STgriar

Clock

Power
Ground

No net
=-Route Type
Detailed

User

Fill

Bus

Shield

Ring

Strap

std Cell Fin C...
Macro/iO Cell.

ca)
O
[m]
O
[m]
O
O
O
[m]
O
[m]
O
O

—Via

=-Net Type
Signal
Clock
Power
Ground
No net
=-Route Type
Detailed

User

Fill

Bus

Shield

Ring

Strap

Std Cell Fin C...
Macro/iO Cell.

OO0o0o0oooOrO0 Ooooo®

|C\ick objects or drag a box to select (Hold Ctrl to add, Shift to remove)

Executing command ‘open_mw_cel zhangg_fp'

I —— G
|+ |[#|-[ @ xuj@nodes: ~/godson3/scachefic... | B TOP (on noded) || B8 ToP (on nodes) | & cpu@client156: ~/junxu
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HBHM O NG & o | | F-wz

Options: x|

Brightness:|100% ~| View Level:|0 3:

Ap|

Objects | Layers | Semngsl

' Actual routing wires
HH

7
| m_ _ _ _

AN il
i A

i
= Shape 11T

. J— i i . ! |
RS [rTm ‘ : R . L Z|
| el =)

Object Type |V\s ‘Ssl ‘Cr

Die Area
Core Area
Port

Terminal

= Cell
i-Standard
{-Hard Macro

+ Soft Macro

il
i-Keapuut Margin ’ ‘
Pin .
-Site Row
Bound
Plan Group
Placement Blockage
RP Group
RP Keepout
Voltage Area
Pin Guide
Via Region
Route Guide
Global Route

=

=

]
O
[m]
]
[m]
O
]
O
[m]
]
[m]
O
]
O

(]

-Signal
oer |- AR

H »
‘Sps[\fy zoom in box (Click opposite corners or drag) 1614 716, 4772.093 Er 4

‘Ready ‘ BEr

1

e A, R ES_—_———
|+|[#| [ @ xui@nodes: ~/godson3/scacheic... | 2 TOP (on noded) || B TOP (on nodes) | B cpu@client156:~/junxu | B [TOP (on noded)]
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E\ M Applications Places System &

Actual wires

Options: x|

Brightness:[100% | View Level:|0 3:

Objects | Layers | Settmgsl

Object Type |V\§ ‘Se\ ‘C\r ;I
[Capuci]

O

Terminal
= Cell
Standard
Hard Macro
- Soft Macro
Black Box
ILM
10
Cover
Via
Physical Only

NN

]

In Plan Group

+-Keepout Margin
Pin
Site Row
Bound
Plan Group
+ Placement Blockage
“RP Group
RP Keepout
Voltage Area
Pin Guide

R

R

Via Region
Route Guide
Global Route
Shape

Via

Track

MW Sys Objs
Text O
Labels ~

O
[m]

I

|C|\[K objects or drag a box to select (Hold Ctrl to add, Shift to remove)

533 673, 4521 525|

|Ready

|LH§‘ | B xuj@nodes: ~/godson3/scacheficc

®J] TOP (on nodeg)

|| B8 ToP (on nodeg)

|| B cpu@clientl56: ~/junxu

[TOP (on node9)]
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e Results
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Develop Once & Enjoy Multiple
Times

Pure ASIC Flow

Only Inserting Guide

Pre-route w/o dragging off-

Semi-Custom Flow

Buffers track wires
# of cells (post-synthesis) 72,528 100,384 100,384 100,384
# of nets (post-synthesis) 84,879 112,735 112,735 112,735
# of pre-placement cells 0 27856 27856 27856
# of pre-route nets 0 0 6160 6160
# of search & repair 50 50 50 5
# of DRC violations | >50,000 >20,000 >7,000
Place & Route Time (hours) >20 >20 >20 3
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e Conclusion



Experience & Suggestion
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e Designs are designed by designers not
tools.

e Designers should understand both design
characteristics and tool features in order to
use semi-custom flows.

 EDA venders should provide more
programmable interfaces for users to
extend the capability of the tools.
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Thanksl



