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g

time measurement
Elevated ambient temperatures
DC Burn-out under reverse bias
DC Burn-out under forward bias
RF burn-out under high forward current

Tests done:
Tests done:
Test done:

¢ RF input Power Burn-out Tests
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bias less device

ias able evies kb + Broadband balanced design 184 — 212 GHz (14%)
= beam kead
+ Broadhand balanced design 1127 - 1242 GHz (10%)

» Reduced loss in GaAs substrate due to 3 pm thin membrane

+ Broadband balanced design 369 — 424 GHz (14%) « Three diodes in each branch, used for impedance matching and power handling

. " < . e r *1017
+ Two dlodes In each branch, used for Impedance matching  » Nominal snode size 3.0 x 12.0 m?, variations +/ 20% and frame, 2*1077 1/em® doping

» Beam leads for mechanical support and ground contact and power handling « Substrate removed to reduce loss
¢« Beam leads as RF probes in the Input and output waveguides « Nominal anode size 1.5 x 4.3 put?, variations +- 20%, « Reduced waveguide helght in ingut and eutput waveguides (Imped: \
« Nominal anode size 0.4 x 0.9xm?, variations +/- 20%, 5*10'7 1/en® doping frame, and stub, 11017 or 2#1017 Lem® doping

¢« Nomechanical tuning element
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(conduction only)

Improvements:

*Thicker metalization (1.6 um)
» wider beam leads (60 um)

* shorter beam leads (10 um)

wce 273 K
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P(mW)
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Test setup
RF-source: 100GHz Gun-oscillator
Hot-Plate, DUT, Power Amplifier
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RF Input Power Burn-out Test on a 200GHz doubler
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RF Input Power Burn-out Test on a 200GHz doubler

affer multipl

Tests performed on 200GHz device shown

(1) RF input power variations

(2) Reverse currents <-20pA

(3) Forward currents > 6mA

(4) RF Burn-out over 2000h, 200mW,

99.1GHz, 295K

Results: (a) No observable change in RF

output power, (b) Reverse voltage

dips then stabilizes at lower voltage Beam lead, diodes ground

(5) RF Burn-out over 100h, 173mW, 99.1GHz at 400K 200GHz doubler
Results: (a) No observable change in RF output power  Doping 2#10"/cm’ LF2
(b) Reverse voltage stabilizes further NOM F-NOM, 3p0x12p0

(6) Reverse Bias Current Stress Test

Results: (a) Bias voltage settled at higher value; Impact not understood
(b) RF not checked

(7) DC Burn-out under forward bias
Result: Device shorted at a bias current > 30mA
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400GHz SN004 10209952
Power Degradation due to ESD damage
Pin =150 mW, T = 295K
RHL, July 23, 2002
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" Degradation in RF output power when I/V shows marked change only
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Reverse DC |
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Degradation of Reverse Bias Voltage
at constant Reverse Bias Current

vs. Time at different temperatures

~ 10 U Tnitial values ~— 77K -10uA Reverse Voltage measured
ol ) 305K -10uA at >500min at different:

2 295K -10uA .

£ 995K 1uA a) ambient temperatures

E —299K-10UA )l b) reverse currents

g ~— 295K -5UA

3 295K -10uA (3)

= — 77K -10uA (2)

0 200 400 600 800 1000
Time [min]

¢ Fast exponential degradation of reverse Bias Voltage within first 200 minutes

— [Expected increase in degradation with increasing temperature not consistently
observed (more tests needed)

¢ Asymptotic convergence to reverse Bias Voltage between —4V and -7V
— Variation in behavior observed with devices from same batch
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L e SWAT 200D 10210002 SN004

September 3, 2002 3p0x9p6 M20 F-NOM 2e17 LF2 ~20um
Bias voltage points at 0 and -5uA with varying RF Input Power @100GHz

==\, at QuA =i\ at -Bud «#~V at +7mA -8/ at optimal Pout
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Input Power

-25 -20 -15 -10 -5 0]
Bias Voltage (V)

# 200GHz doubler with 3.0x9.6um? anodes (M20 type)

¢ variable input power @295K
¢ Test: Bias Voltage vs. RF Input Power

Results

No changes in I/V
parameters after testing

Determination of a safe
bias range probably
possible

Further measurements
necessary and planned
especially on the 400GHz
doubler

— Measured: bias voltage at —-5uA, 0A, 7mA, and optimized output power
— -5uA average current (drives the diode close to reverse breakdown)
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‘Establishinga =~ =

JPL Sec 386 - SWAT
R. Lin
September 9, 2002
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Preliminary Conclusions

% Limits for reverse currents cannot be set.
Based on current data we want to avoid any reverse bias current. We know 1A is too high.

¢ Leakage current gets suppressed when operated at 120K.
4 Migration and verification:

— Reverse Bias Voltage will be limited

— Health check with I/V curve
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— Degradation of the Reverse Bias voltage at given current will be used as
indication of ESD incidents or other Damages (high RF power, heat)
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¢ RF output power starts to degrade when diode I/V curve is very
strongly degraded only

— Experienced on 400GHz doubler and 200GHz doubler
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