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Biased Shifting Cooling Scheme for 3D Stacked Mesh Array
Using Temperature Estimation Model

YASuUSHI INOGUCHI, Tt TERUO MATSUZAWAT
and SUSUMU HORIGUCHI

This paper addresses a cooling scheme for 3D stacked mesh array. A 3D stacked imple-
mentation consists of a pile of wafers and each wafer contains a processing elements (PEs)
array. It is one of good candidates to implement a large scale system with high speed, low
power consumption and tight integration. However, cooling of PEs at the center of a stack
and avoiding defects on a wafer surface are crucial problems. To avoid these defective PEs,
conventional methods obtain a defect free logical mesh network by preparing spare PEs on
a wafer and reconfiguring the logical mesh network. This paper proposes biased shifting
method as a improved the reconfiguration algorithm to cool the stack. The biased shifting
determines a direction to lower temperature using the temperature estimation model, and
it shifts defective PEs toward that direction keeping a logical network mesh connection in
the stack. System yield, cooling performance, and stability of temperature are examined by
thermo-conducting simulation. As the result, the concentrated spare PEs placement much
reduces maximum temperature in the 3D stack at highly PE yield, and the biased shifting
can lower temperature than conventional method keeping highly system yield.
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Fig.2 Basic structure of 3D stacked mesh array.
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Fig.3 Temperature estimation model.
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0o pPEOOOCOODDO NON,ON,OPEDO 10
ooooD Lo ;000000 PEODODODOOOD
obooad r£j>EIDEIEIDEI T.000o0o0ocooo
obooboooobooooooooooobooo
gooobooobooooooboobooobooo

Tau(0) = % {RS {1-m(Re/Ra)*} + %L;
~§fﬂmé%%a%-@ + T, (1)
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Fig.5 Concentrated spare PEs placement.

pattern DetermineShiftDirection(x,y){
pattern W,

r = random(); /* return between 0 ~ 1.0 */

if(r < 0.25) W = Shift_PE(EAST, z,y);
elsif( r < 0.50 ) W = Shift_.PE(SOUTH, z, y);
elsif(r < 0.75) W = Shift PE(WEST, z, y);
else W = Shift_.PE(NORTH, z, y);
return( W );
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Fig.6 Shift determination based on HS algorithm.
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pattern TempEstimatedShiftDirection(z,y){

pattern W

W = Shift_.PE(NORTH, x, y);

Ws = Shift_.PE(SOUTH, z, y);

W, = Shift_.PE(EAST, z, y);

W = Shift_PE(WEST, , y);

T, = TemperatureEstimate(W,,);

T

T,

Tw = TemperatureEstimate(W,,);

Tmaz = MAX(Ty,Ts, Te, Tw);

Tmin = MIN(Ty,Ts, Te, Tw);

AT = Trmaz — Tmin;

o2 = AT - Bt;

Tn = RegRand(T,, 02);

Ts = RegRand(Ts, 0'2);

T. = RegRand(Te., 0'2);

Tw = RegRand(T,,, 02);

if( Ty, == MIN(T,,,Ts,Te, Tw))
return( W, );

elsif( Ts == MIN(T,,,Ts, Te, Ty))
return( W );

elsif( Te == MIN(Ty,Ts,Te, Tw))
return( We );

elsif( Ty == MIN(Ty, Ts, Te, Tw))
return( Wy, );

= TemperatureEstimate(Ws);

3

= TemperatureEstimate(W.);

®
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Fig.7 Shift direction determination of biased shifting.
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