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Operational Strategy:
* Adjust L, and L, to excite reactor cavity in a hybrid TMg,;3/TEMyy; mode

* Once plasma is formed, adjust L, L, L1 and L2 for optimum operating conditions

® Measure T, P;.., P,y N With varying pressure, Z, and L, positions.

Important reactor variables: (3)
1. Microwave coupling efficiency into the reactor
N =(1- (P, + P,o)/Pnc) X 100%
2. Overall microwave coupling efficiency into discharge
Neoup = (1- (Pw + P + Ploss)/Pinc) X 100%
=(1-Q/Q,) X 100% (for P, P, = 0)
3. Power coupled into discharge
Pabs = Pinc - Pref - I:)w - PIoss
where, P, : any power lost in the external matching circuit
P.¢: power reflected from input matching plane
P..c: incident power
Pioss: Microwave power losses in cavity
Qq: Empty cavity quality factor
Q,: discharge loaded cavity quality factor
Pioss is minimized by a well maintained cavity (high Q;) and low Q,
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pressure increases the
intensity and size increases.

7 . .
o W
Lil 0.00 - .
21.4 21.6 21.8
O iz Ls (cm)
L1
B -
'3 1 IP 30 1000 T
E LA E o0 | 420 kW]
25 —e—22kW|
z - il T 900 | —e—24 kW]
L ® = % C §
, Bt L 408 A Eu g
A I 5
i = Lo g 5 s
E 3 L 3 K
2 . a7 gw T om0
o 2 2
- < @ 650
- ia A Lt 05 @
e T e 500
i LiL] L] J
13 14 e is 1 a7 di 24 —— ———————— }
210 211 212 213 214 215 216 217 218 210 211 212 213 214 215 216 217 218
bt Dbl P | WY Ls cm) Ls (cm)

Conclusion: Internally tunable microwave reactors reduce power and high coupling
efficiencies (n>95%) are obtained over a wide pressure and power range providing flexibility in
deposition conditions. This reactor is synthesizing commercial diamond with electrical
efficiency of < 10 kW-h/carat [3]. The variable substrate position enables flexible process
control and optimization.
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