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Research Overview

Multi-transistor array
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3D temperature distribution in a

3 finger multi-transistor array
(Figure taken from “Electrothermal
HBT modeling”, G. Wedel et al.,
HiCuM Workshop 2012)
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Thermal Coupling Network
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Thermal Coupling Network

C * P, P, power
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[2] D. J. Walkey et al., “Equivalent circuit modeling of static substrate thermal coupling using
VCVS representation,” IEEE J. Solid-State Circuits, 2002.




Test Structure
Test structure

Inter Device Coupling Vo 1
E T
] HE [ ]
STI | [ STI T STI W S I\MLSTI | .y . . -
DTI T T T
_VE1 _VEZj_ _VESj_ _VE4 _VE5
- T I I I

J

= J1as
| STI || STI s [ ﬂ
LL ] W \ /]
DTI ‘ DTl DTI '

Intra Device Coupling
B 5 B c

E
B
AR S JlES




AT[K]

T4 IS Wafer [ I 1 I 1 I | ]
heating |15« Tt T T T, T
35 T T T T ! T ! T 8 T T T T T T T T
1 — AT iInT1 @ 300K, T4 heating —— AT in T1 @ 300K, T4 heating
30'_ AT in T2 @ 300K, T4 heating | — ATin T2 @ 300K, T4 heating /
251 —— AT in T3 @ 300K, T4 heating 64 ——ATin T3 @ 300K, T4 heating / i
' - D=1.5um , / -
20 ] 'g‘ 4 /,////E):Spm i
] /// <
10- - / 2.
O /// T T T T O r T T T T T
0 10 20 30 40 50 0 10 20 30 40
Pr‘licc [mW] PdiSS [mW]

Temperature Measurement

., Distance D between deep trench

Intra device coupling
in multi-finger transistor

Inter device coupling
in multi-transistor array

50



Coup. Factor [%]

Coupling Factors

Wafer | ] 1 ] 1 ] 1 ] 1 |
T=300K T T, T3 T, T

20 T T T T T T T T T T &: 4 ) J j T i T T T T T Cl
12 1 5 o CZl
{ri1T g EZl '? Sﬁ%@%% D@;‘ ng D<%j Q‘A\‘;] D@%@Q@ D<Q€fy w C34-

15 ‘:'?w*{*.: B00googpoogod 1 é. v C32
ST SV eV e Z 232 o D=1.5pum a c,
c. S ol © Gyl

10_%@3@% o Cyl | L %/ﬁ%%q%@%o[@ O 0D CHEH 0, [o 224
coNeS el O30 &0 o) QﬁO@OQ\ O C31 Q- ﬁ%%% o X C31
BLR & o Gy > %@ PUDX DX X X X i e e 5|
SMOOOOO;PQD;D ;ffff igu_ 8 906096 0 0 0 000 ¢ o igz
5 C o Cy

O . : . : . : . : . | , O T T T T T T T T T T T T
0 10 20 30 40 50 60 0O 10 20 3([)mwé]10 50 60

Pdiss [mVV] dlss
Intra device coupling in Inter device coupling in multi-

multi-finger transistor transistor array with distance D=1.5um



3D Thermal Simulation
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[7] M. Weil3 et al., “Characterization of intra device mutual thermal coupling in multi finger SiGe:
C HBTs,” EDSSC Conference, 2013.
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Model Verification

Output characteristics for 5 devices operating parallel
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[8] M. WeiR et al., “Mutual thermal coupling in SiGe: C HBTs,” SBMicro Conference, 2013.
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Ring Oscillator: Optimization
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Ring Oscillator: Results
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[9] M. WeiR et al., “Optimized Ring Oscillator With 1.65-ps ...,” Electron Device Letters, 2013.

14



Ring Oscillator: Circuit temperature
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Ring Oscillator: Coupled Simulation
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Power amplifier
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Power amplifier: Transistor array

Characteristics of both devices are close at low power dissipation

At higher bias (V3:=0.9V, V=1.5V) significant performance
degradation of the multi-finger transistor due to thermal coupling

Good agreement with circuit simulations in both cases
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Conclusion (1/2)

Novel test structures to characterize thermal coupling of state
of the art trench isolated SiGe HBT technology

Thermal coupling factors were extracted from multi-finger
transistor (INTRA) and multi-transistor array (INTER)

Standard thermal network has been replaced by distributed
networks in order to model accurately thermal impedance
and thermal coupling between neighboring devices

The models were implemented as netlist in Agilent ADS (easy
to use for circuit designers)



Conclusion (2/2)

Electrical performance of the multi-finger transistor is
degraded due to the significant thermal coupling effect
between the emitter stripes

Coupled simulation accurately predict thermal effects in
multi-finger SiGe HBTs, often used for high speed applications
due to lower input resistance and capacitance

Model has been already successfully applied for two circuits
(PA and of a RO with 218 transistors)

Device performance is often limited by thermal effects rather
than the electronic limitations = circuit designers need
accurate models to exploit full potential of a technology



Future work

Thermal stability can be improved, access to the thermal
nodes of each finger allows to estimate ballasting
resistors

The thermal stability in multiple-finger transistors can be
increased by adjustment of emitter to emitter distances
to make the spatial temperature distribution across the
device approximately uniform

Thermal coupling capacitances should be considered in a
next step

Parameter extraction based on isothermal pulsed DC/RF
measurements
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