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THERMAL FIELD MODELING OF INTEGRATED CIRCUITS
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The author proposes a simulation method of a thermal field of the semiconductor crystal of integrated cir-
cuits, based on the principle of electrothermal analogy. The electric equivalent circuit of heat exchange of IC
constructed on current sources and resistance is proposed. The technique of the application is the proposed
simulation method at initial multiparameter placement of logic cells of IC. The efficiency of the proposed
method is explained on a test example of a logic circuit.
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In contemporary IC working temperature of semiconductors can reach more than 100°C and the tem-
perature differences between different areas of the crystal can reach more than 10—20°C [1]. As the relia-
bility of IC mostly depends on its working temperature, it is becoming important to develop such modeling
methods of thermal field of crystal which will provide the possibility to estimate efficiently the thermal dis-
tribution on surface of the semiconductor crystal during IC designing [2]. This article provides the estimation
method of thermal field of crystal based on electrothermal modeling.

Description of the method

The proposed method of electrothermal modeling is based on the construction of electrothermal cell or
heated zone of semiconductor crystal. On the basis of electrothermal model of the cell it is possible to create
the whole model of IC topology. For c17-ISCAS85 benchmark circuit (see Fig. 1) in case of placing logical
cells linearly the electrothermal model will look as presented in Fig. 2.
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Fig. 1. C17-ISCASS8S5 benchmark circuit Fig. 2. Electrothermal model of liner
placement of ¢17-ISCAS85 benchmark circuit

In electrothermal model given in Fig. 2 nodes /—=6 represent the placement sequence of the cell. The
ambient temperature is not taken into account. It is assumed that the temperature is calculated with respect to
the ambient temperature. Ryoqy represents the thermal resistance of the IC body. Suggested approach of elec-
trothermal modeling is realized in SPICE modeling system. That is why on the given cells placement we
must estimate equivalent circuit parameters taking into account the transfer of thermal parameters into cor-
responding electrical quantities. Values of R;, r; and R; are estimated with the following equation:

d
AS
where d is a topological distance between centers of cells in case of calculating R;; and r; or the height of
semiconductor substrate in case of calculating R;; S is surface area of heat exchange; A — thermal conduc-
tivity of the substrate.
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Dissipated power unit is estimated by

P:Ps.d.p.KW+ Pst.a
where P; 4, is specific dynamic power of the cell; K is cell switching activity; W is working frequency of the
cell; Py is static power of the cell.

Practical results

Realization of the proposed method is based on the c17-ISCAS85 benchmark circuit (Fig. 1). Parame-
ters of logical circuit are chosen from standard cell libraries of 90 nm which was developed in the education-
al department of “Synopsys Armenia” [3]. The following values of parameters are taken from mentioned
library: topological width — 2.88 um, topological length of logical cells C;, C 3, Cs, C s — 1.92 um,
Co, Cy — 3.2 um; Piggp= Pssap= Pssap= Pesap= 15 n€W/MHz; Py 4= Pasap= 28 nW/MHz; W= 300 MHz.
Cell switching active values are taken from testing results: K;= 0.27; K,= 0.15; K3= 0.26; K;,= 0.3; Ks= 0.8;
K¢=0.6. Using the above mentioned values and Form.2 the following power values were calculated:
Py = 1.1510°W; P, = 1.26:10° W; P=1.17-10° W; P,=2.52:10° W; Ps=3.6:10° W; P=2.7-10° W. The
depths of the active and passive layers of the semiconductor substrate were chosen 3 um and 10 um corres-
pondingly. The thermal conductivity of silicon substrate is 1.4 W/(cm'K). Using mentioned values, the fol-
lowing values of resistors were calculated: R;= 5 10 Ohm, r;=0.5 -10* Ohm, R; = 2-10* Ohm. Thermal re-
sistance of substrate is: Rbody=1.2~107 Ohm. Using SPICE modeling the following voltage values were re-
ceived in the following cases:

a) logical cells connectivity only: U,=43; U,=44; Us=45; U,=45.5; Us=46;
b) power distribution uniformity:  U;=43,5; U,=43,5; Us=43; Us=44; Us=43,5;
c) botha)andb): U,=43; U,=43,5; U;=44.5; U,=45; Us=44;

Digital values of temperature of heated areas (in °C) will be equal to corresponding voltage with add-
ing environment temperature value. Testing results show that the initial placement of the logical cells power
will bring to higher (70—80%) uniformity of thermal field.

Conclusion

The electrothermal modeling method allows representing the placement of the thermal field of IC as
identical electrical scheme where thermal parameters are replaced by corresponding electrical ones. The built
electrical scheme can be analyzed by SPICE. Such solution allows creating electrothermal models for vari-
ous topological structures.
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T. 'acnapsia
MopennpoBaHue TeNJI0BOI0 M0JIsI HHTETPAJTbHBIX CXeM

TIpeonosicen memood MoOerupoOsanust Menio8o2o NoJis KPUCMALLA NOLYRPOBOOHUKOBHIX UHMESPATIbHBIX CXEM
(UC), ocnosannwiil Ha npuHyune 31eKmpomenyiogoll aHaI02UU, U COOMEEMCMEYIOUAs INEKMPUYECKdsl CXema
samewenusi meniooomena UC. Ilpusedena memoouxa npumerenuss npediodCenHo20 Memood Mooeiuposa-
HUSL NPU HAYATLHOM MHO2ONAPAMempU4eckom pasmeujeruu aocudeckux saueexk UC. Dpgexmusnocms Oan-
HO20 Memooa paszvCHeHa Ha Mecnmo8OM Npumepe J02U4eCKoU cxembl.

Knrouesvle cnosa: UHmecpalbHas cxema, 3J1eKmpomenioeoe MOOE]ZMpOGaHI/le, menjioeoe noje Kpucmaia,
HA4YAajJlbHOE paA3meuieHue A4eeK.
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