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Why Is IC Packaging Important?

 All Electronic Circuitry Resides in a Package
- The package serves many purposes:
1) Protection of devices
2) Density Translation

3) Thermal Dissipation
4) Manufacturing Standardization

- Packaging Limits System Performance

AR

March 8, 2006 “Bus Stuttering” 3



Why Is packaging limiting performance?

o |C Design/Fabrication is Outpacing Package Technology

- We’re seeing exponential increase in IC transistor performance
- >1.3 Billion transistors on 1 die [Fall IDF-05]
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Why Is packaging limiting performance?

» Packages Have Been Designed for Mechanical Performance

- Electrical performance was not primary consideration

- 1C’s limited electrical performance
- Package performance was not the bottleneck
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Why iIs packaging limiting performance?

* VLSI Performance Exceeds Package Performance

- Packages optimized for mechanical reliability, but still used due to cost
- I1C performance far exceeds package performance

On-Chip Package

- fic > 4GHz - fpkg < 2GHz
- large signal counts - limited signal counts
- exponential scaling - linear scaling
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Why iIs packaging limiting performance?

» Package Interconnect Contains Parasitic Inductance

- Long interconnect paths
Wire Bond Inductance (~2.8nH)

- Large return loops /

Package Bond Wire
(D Package Trace

Package Via
Package Pad

Area Power Plane

Power Supply

Ground Plane

PWB Trace
PWE Pad
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Why iIs packaging limiting performance?

» Package Parasitics Limit Performance

- Excess inductance causes package noise
- Noise limits how fast the package can transmit date

1) Supply Bounce
2) Signal Coupling

March 8, 2006 “Bus Stuttering”



Why iIs packaging limiting performance?

» Aggressive Package Design Helps, but is expensive...

- 959% of VLSI design-starts are wire bonded
- Goal: Extend the life of current packages

Mold Compound
Wire Bond

==\ QFP — Wire Bond :4.5nH — $0.22/ pin

Die Attach Epoxy

Solder or Sn Plating
Exposed Die Pad

BGA - Wire Bond : 3.7nH — $0.34 / pin ***

- ) ' BGA - Flip-Chi :1.2nH — $0.63 / pin
TO000HO0 PP P

Solder Ball
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Our Solution

“Encode Off-Chip Data to Avoid Inductive Cross-talk”

Avoid the following cases:

1) Excessive switching in the same direction = reduce ground/power bounce
2) Excessive X-talk on a signal when switching = reduce edge degradation
3) Excessive X-talk on signal when static = reduce glitching
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Our Solution
e This results in:
1) A subset of vectors is transmitted that avoids inductive X-talk.
2) The off-chip bus can now be ran at a higher data rate.

3) The subset of vectors running faster can achieve a higher throughput over the
original set of vectors running slower (including overhead).

Throughput Throughput
of less vectors > of more vectors
at higher data-rate at lower data-rate
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Bus Stuttering CODEC

* Intermediate States are Inserted Between Noise Causing Transitions

- Stutter states limit the number of simultaneously switching signals
- The source synchronous clock is gated during stutter state

No Encoding

Un-encoded:

B->C Vector
Sequence Causes
Noise Limit Violation

Package

Encoded:

B->C Vector
Sequence is
eliminated using
Stutter

Package
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Bus Stuttering CODEC - Noise Sources

e Simultaneous Switching Noise

Supply Bounce

* Induced Self Voltage Vself =L Z (%j

Glitching
» Coupling onto Non-Switching Signals

k
V -S> M. .| =%
Edge Degradation couple le 1k dt

» Coupling onto Switching Signals
» Data Dependent Delay
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Bus Stuttering CODEC - Constraints

e For Each Possible Noise Source on the Bus, a Constraint is written:

1) vj=VDD —-P, > (L/2) (#of vipins=1) <Pbnc ST

2) vi=1 > kLl (v,)) + k2-(vj) >P, Lk ky

3) vji=-1 > kl-(v,)) + k2-(vj) <P, . H M o e 1 —
4) vj=0 - -Py <kl-(v)) + k2:(vy) <P, _Bopcpol N BoRCEoN N NopoioN

e Each Constraint is Evaluated to Find lllegal Transitions:

vy =1 = rising v v, v
v =0 =static
v} =-1="falling

T==t=3— violates user-defined “glitch” parameter
0
-1

e il
1
= O
b OF

e
=

—3—1—3— violates user-defined “supply” bounce parameter
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Bus Stuttering CODEC - Algorithm

» Constraints are Evaluated and a Legal Directed Graph is Created

 Directed Graph is Used to Map Transitions Between any Two Vectors
- A transition path (which may include stutters) exists between any two vectors if:

* There exists at least two outgoing edges for each vector v.eG (including self-edge)
* There exists at least two incoming edges for each vector v,eG (including self-edge)
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Bus Stuttering CODEC - Construction

e Multiple Stutter States can be used
- between 0 and 2Wees1) stutters can be inserted between any two vectors
- experimental results show that for segments up to 8 bits, more than 3 stutters is rare

e Overhead

- Overhead increases as segments sizes increase
- Still useful since segments greater than 8 bits are rarely used (SPG=8:1:1)
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Bus Stuttering CODEC - Physical Results

e Circuit Implementation

- 32 pipeline stages used

- pipeline reset after 32 idle states (similar to SRIO, HT, and PCI Express)
- protocol inherently handles pipeline overflow

:::::::::::_} stutter_data_out[m:0]

data_in[m:0]

clock_in
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Bus Stuttering CODEC - Physical Results

e SPICE Simulations
- 3 bit segment (SPG=3:1:1)
- fixed di/dt
- Maximum noise reduced by limiting simultaneously switching signals

0.15 I I | 0.50 200
012 = 1 — Original — 0.40 | ‘ [ 175
b0 / ‘ | - Aggressive | | " — Original || s B
--- Non-Aggressive : —- Aggressive 7=
008 |——HF = ] 1 ! E il EN 020 £ --- Non-Aggressive 125 /'&
0.03 /\ 010 / i \ /-\ 1.00
0.00 i ,‘““'i 'Tl ‘ \,{ s Z ‘.“'& ,(/-\ \ ) ®/ 0TS /
Ak W = A ;
003 \. i / s . \:\‘ S < nso /
008 iu" / om0 \ - / 02 — Original
] | ' / i / -- Aggressive | |
\ 030 --- Non-Aggressive

-0.12 U N 025
-0.15 -0.50

0o 03 [+1] [+}:] 10 13 15 18 20 23 25 0,50 o

Time (ns) 0.0 03 0s 08 10 13 15 18 20 23 25 Time (ns)
Time (ns)
Ground Bounce i -
Glitching Edge Degradation

March 8, 2006 “Bus Stuttering” 18



Bus Stuttering CODEC - Physical Results

e TSMC 0.13um Synthesis Results
- RTL design, synthesized and mapped

- Segment sizes 2 > 8 implemented | [ Bus Size |

Noise Limit

- Logic, delay, and area evaluated | [

| 5% (aggressive) | 10% (non-aggressive) |

il 2.02 1.99
Delay (ns) 6 2.42 2.38
8 2.85 2.79
4 311k 310k
Area (um?) 6 362k 345k
8 382k 368k
=+ wave - default =10O] x|

File Edit VYiew Insert Format Tools ‘Window

EEIER LYY M&LJ[ I_J ® & @ B e || =F | (2L E[h

E-* ! ftest_stuttering_data/c1/E1/data_in 13 114 115 |0
#1 Jtest_stuttering_data/c1/E1/clock

E}-‘ Hest_stuttering_data/c1/E1/stutter_data_out
#1 Mtest_stutteringdata/c1/E1/stutter_clock_out

| 250 ns to 650 ns |
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Bus Stuttering CODEC - Physical Results

o Xilinx FPGA, 0.35um Implementation Results

- RTL design implemented
- Xilinx, VirtexI1Pro, FPGA
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Bus Stuttering CODEC - Physical Results

e Xilinx FPGA, 0.35um Implementation Results

- RTL design, implemented | [ Bus Size |

Noise Limit |

- Logic operation verified | [

| 5% (aggressive) & 10% (non-aggressive) |
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Conclusion

» Packaging Performance is the Largest System Bottleneck

o Stutter Encoding Avoids Worst-Case Noise Patterns

» Performance Improved Even After Considering Encoding Overhead
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