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Simple introduction — a stack of thermal resistors SIX.
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- Heat spreader reduces peak device temperature by reducing heat flux density

* In an RF circuit there are two components with high power density:
«  Thermal management of active device: CVD diamond heat spreader for high power amplifiers (HEMPTs)
«  Thermal management of passive device: CVD diamond substrate for high power RF resistor



CASE 1: Novel metallization scheme (Cr) compared with
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conventional (Ti-Pt) reduce Tj of PA by 25%

A new metallization scheme (Cr) has improved the thermal conductivity of the die-diamond
attach by 3-4X — compared to using Ti-Pt.

With Cr, channel temperature drops 25% (for big devices e.g. high-power PAs), and 13% (for
small devices) compared to using Ti-Pt.
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CASE 2 - CVD diamond for an RF (GaAs) package SIX.
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Heat spreader

B00CECCEN

Need to replace BeO for a combination of toxicity and thermal performance issues



CASE 2 - CVD diamond for an RF (GaAs) package SIX.
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Thermal resistance of RF package
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Relative thermal resistance

Thermal resistance of RF package
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Data

				w_hspr		Tmax		Rth						S		Part		Height				Conductivity		Tmax		Rth

				100		46.664		0.2456235828						0				[mm]		[mil]		[W/m/K]		25		0.2095013605

				120		45.4727		0.23211678						1.651		Base		1.651		65		178		35.86		0.1231325397		59%

				140		44.6029		0.222255102						1.654048		Solder 2		0.003048		0.12		25		36.05		0.0021488662		1%

				160		43.9638		0.2150090703						1.659128		Metal 3		0.00508		0.2		308		36.08		0.0002911565		0%

				180		43.478		0.2095011338						1.958848		Heat spreader		0.29972		11.8		1800		36.63		0.006311678		3%

														1.963928		Metal 2		0.00508		0.2		308		36.72		0.0009982993		0%

				h_hspr		Tmax		Rth						1.966976		Solder 1		0.003048		0.12		83		36.92		0.002230839		1%

				0.25		43.884		0.2141043084						1.977136		Metal1		0.01016		0.4		34		38.52		0.0181622449		9%

				0.299		43.478		0.2095011338						2.104136		Die		0.127		5		150		43.23		0.0534395692		26%

				0.35		43.1702		0.2060113379						2.116836		Source		0.0127		0.5		150		43.48		0.0027861678		1%

				0.4		42.9345		0.2033390023

				Heat spreader material		Height [mm]		Rth   [K/W]		Relative to BeO

				BeO 1mm		1		0.331		100%				Base cas 078_0

				BeO 0.3mm		0.299		0.314		95%				S		T_Z

				TM100 0.3mm		0.299		0.232		70%				0.0		25.00

				TM180 0.3mm		0.299		0.210		63%				0.2		25.95

														0.3		26.91

														0.5		27.88

														0.7		28.87

														0.8		29.90

														1.0		30.96

														1.2		32.07

														1.3		33.24

														1.5		34.52

														1.7		36.05

														1.7		36.10

														1.7		36.14

														1.7		36.18

														1.8		36.22

														1.8		36.28

														1.8		36.34

														1.9		36.41

														1.9		36.48

														1.9		36.57

														2.0		36.92

														2.0		38.18

														2.0		38.73

														2.0		39.01

														2.0		39.30

														2.0		39.59

														2.0		39.88

														2.0		40.18

														2.0		40.47

														2.0		40.77

														2.0		41.06

														2.1		41.28

														2.1		41.49

														2.1		41.70

														2.1		41.92

														2.1		42.14

														2.1		42.35

														2.1		42.57

														2.1		42.79

														2.1		43.01

														2.1		43.23

														2.1		43.28

														2.1		43.32

														2.1		43.36

														2.1		43.39

														2.1		43.42

														2.1		43.44

														2.1		43.46

														2.1		43.47

														2.1		43.48

														2.1		43.48






CASE 2 - CVD diamond for an RF package SIX..
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Temperature as function of height
Heat spreader TM 100, 0.299 mm height, 180 mil wide
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CASE 3 - Continuous wave 160W 2 GHz InAIN/GaN SIX.
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« SiC thinned with an E6 diamond metallized heat spreader
* 41°C reduction in device surface temperature

SiC with diamond heat spreader SiC - no diamond heat spreader
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(SiC =100 pym — Ti:Pt:Au: TM180: Ti:Pt:Au: Cu Sink ) (SiC =400 pym — no heat spreader)



CASE 4 - RF thin film resistors SIX.
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High power RF applications also require
passive components able to handle high
power densities e.g. thin-film resistors

substrate
C
[|
|
A n A Lm R L Lm
|deal resistor T Resistor at RF = G

* At microwave frequencies resistors deviate from ideal behaviour due to parasitic capacitance and
inductance — signal distortion

- Capacitive reactance usually dominates — minimise by reducing area of resistor
« High dissipated power leads to high temperature — minimise by increasing area of resistor



CASE 4 - RF resistors — substrate materials SIX.
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* Objective: model performance of TiN thin
. film RF resistors on AIN, BeO and CVD
4 5 6 7 8 9 10 diamond substrates

Relative permittivity

Thermal and dielectric properties of substrate - Low permlttIVIty desirable to minimise
5 10000 parasitic capacitances
E CVD diamond - High thermal conductivity desirable for
z 1000 power handling
g AN : L
E 5 « Diamond has best combination of both
S 100 eO
g

«  What power and frequency can be

’ 125 achieved consistent with
- *  Peak temperature < 125 °C
. - Low distortion (VSWR <1.25)

Cu heatsink



CASE 4 - RF resistors high power and frequency SIX.

performance ve eers crous
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CASE 5 - CVD diamond handles a record 10KW/cm?
using microfluidics S0 ol
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SIX.
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CVD diamond heat spreaders provide superior thermal
management for high power RF applications

Thermal conductivity can be engineered to suite the application
* Need to consider the system as a whole for maximum benefits

For active devices CVD diamond heat spreaders enable:

« Higher power operation for a given maximum operating temperature
* Reduced peak temperatures (~25%) for a given power

RF resistors using CVD diamond substrates can operate at higher
frequencies and powers before parasitic effects lead to signal
distortion

« >100w & > 10 GHz
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