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Contributions E

HANDSHAKE
SOLUTIONS

New asynchronous implementation style
— Two-phase handshake protocol (instead of four-phase)

— Edge-triggered flip-flops as only sequential element for both data
and control (so no C-elements needed)

New asynchronous design flow
— Data-driven compilation (as opposed to syntax-driven)

The combination of the two enables

— Simplified ‘synchronous-like’ design flow for ASICs based on
standard cells and standard EDA tools

— High performance circuits in these flows
— Straightforward Design-for-Test using scan
— Minimal area overhead over synehronous (if any)



Handshake Technology E

HANDSHAKE

SOLUTIONS
A rigorous design methodology
and associated toolset for
clockless, self-timed circuits

More than 750 million ICs with
Handshake Technology seld

Applications In:
— Smartcards
— Automotive
— Wireless connectivity

TIDE is an ASIC design flow
using standard cell libraries
and standard EDA tools

Used for a range of
geometries:from 0.8u to 45nm 4




| essons Learned

Evaluated 15 years industrial experience

Main results:
— Initial Haste design is easy, optimizing it is not

— Better support for pipelined designs required
Enables new application areas that require higher performance

— Low Power is nice but should not cost performance and area
— Every relative timing assumption needs to be statically verified

— Interfacing with standard “synchronous” EDA tools is difficult
Tools work best when used as intended
Tools of different vendors often behave differently



Interfacing with standard EDA tools

Combinational feedback loops
— Need timing breaks during static timing analysis

Latches
— Timing analysis more complex
— Large scan overhead

Timing constraints
— Everything that needs to be optimized needs to be constrained
— Formatted to resemble synchronous constraints



Timeline

2006 Click Element template

2007 Initial experiments

2008 Full scale implementation

2009 Successful compilation of first benchmarks

Development halted (~60% complete)
due to Philips decision to leave the semiconductor business

Current status
— Working prototype
— Many features and optimizations still missing



2-phase control circuits
Muller pipeline
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No 4-phase control signal available to control latches or flip-flops
Combinational feedback loop inside control circuit (C-element)

Circuit can be either combined with wagging (double) latches or 2-
to-4 phase converter is needed



2-phase control circuits

Mousetrap
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Contains a 4-phase control signal to clock data
Latches both in control and datapath
Combinational feedback loop inside control through latch
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2-phase control circuits
Click element template
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Click element pipeline stage
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Click element pipeline stage
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NO combinational feedback loops
Clock signals only drives registers
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Join element

C-element replacement
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Join element
C-element replacement

C-element can be absorbed in neighbor, which results in a more
complex integrated component

Gating condition increases in complexity
Combinational feedback loop (inside C-element) is eliminated
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Join element
C-element replacement
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Demux
Buffered, implementation with clock gating
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Data-driven compilation

Buffers are not shown in the handshake circuit
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Relative timing constraints

module HC_BUF(nput reset,
push_chan .pas #(.width(2), .prot("2phase")) in,
push_chan .act #(.width(2), .prot("2phase")) out );

assign in.ack=toggle;
assign out.req=toggle;

INV  inv(.a(in.reg.in), .z(ai.out));

NAND3 na3(.a(ai.in), .b(out.ack.in), .c(toggle.in
OAI31 oai(.a(ai.in), .b(out.ack.in), .c(toggle.in
FFRESET ff(.d(wi_ff.in), .q(toggle.out), .clk(clk.i
INV  inv_ff(.a(toggle.in), .z(wi_ff.out));

FF  var_0(.d(in.data.in[0]), .q(out.data.out[0]
FF  var_1(.d(in.data.in[1]), .q(out.data.out[1]

timing
behavior stg( [ (in.req~ || out.ack~) ; (out.reg~ || in.ack~ |

relative setup_start(
fast( oai.z+;(var_0.g~ || var_1.9q~) ; out.data~; ...
.Slow( oai.z+ ; out.reg~; ... ));

relative setup_end(
fast( ... ;in.data~; (var_0.d~ || var_1.d~)
Slow( ... ;in.req~; (var_O.clk+ || var_1.clk+)

endtiming
endmodule

), .z(wi.out));
), .d(wi.in), .z(clk.out));
n), .r(reset.in));

), .clk(clk.in)):
), .clk(clk.in)):

| out.data~) ]

));
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Timing analysis
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Scan testable click pipeline
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Results
Performance (MHz)
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Results
Power (NW/MHZz)
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Conclusion

Move from syntax-driven to data-driven compilation and
from four-phase to two-phase implementation based on
flip-flops as only sequential element enables circuits with
— Higher performance

— Cleaner Haste code

— Reduced scan overhead

In addition, the design-flow is greatly simplified
— Easier integration with 3 party tools
— Better exploitation of constraint driven synthesis

— Higher confidence through better constraint handling
— Shorter tool runtimes

Last but not least: lower barrier to entry for design flow
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Thank you



