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Figure 2.  I/V characteristics of MMDT3904 transistor at various test temperatures.
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Figure 3.  Transistor DC current gain versus temperature. 
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Figure 4.  Transistor small signal current gain versus temperature. 
 



The collector-emitter breakdown voltage (BVCEO) of the MMDT3904 transistor as a 
function of test temperatures is shown in Figure 5.  It can be clearly seen that the collector-
emitter breakdown voltage �G�L�G�Q�¶�W�� �X�Q�G�H�U�J�R�� �D�Q�\�� �V�L�J�Q�L�I�L�F�D�Qt change with variation in 
temperature throughout the test range of -192 °C to +150 °C.  Such was not the case, 
however, to the collector-base breakdown voltage (BVCBO) property of this BJT transistor. 
This dependence on temperature, albeit modest, is depicted in Figure 6 where the value of 
the collector-base breakdown voltage slightly decreased, almost linearly, as the test 
temperature was lowered below room temperature and exhibited gradual increase in the 
high temperature region. 
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Figure 5.  Collector-emitter breakdown voltage as a function of temperature. 
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Figure 6.  Collector-base breakdown voltage as a function of temperature. 



Cold-Restart 
 
Cold-restart capability of the MMDT3904 transistors was investigated by allowing the 
devices to soak at -192 °C for 20 minutes without electrical bias.  Power was then applied 
to the device under test, and measurements were taken on the forward V/I  characteristics.  
All transistors were able to switch on, but with diminished gain, at the cryogenic 
temperature of -192 °C. 
 
Effects of Thermal Cycling 
 
The effects of thermal cycling on the operation of the eight transistors were investigated 
by subjecting them to a total of 1000 cycles between -192 °C and +150 °C at a temperature 
rate of 20 °C/minute.  Post-cycling V/I characteristics of the transistors were then recorded 
at various test temperature.  Comparison of the post-cycling data along to those obtained 
prior to cycling revealed that none of the devices under any significant change due to this 
cycling activity.  For illustration purposes, the I/V characteristics for one of these 
transistors taken at the test temperatures of +20, -100, -192, and +150 °C are shown, for 
both pre- and post-cycling conditions, in Figures 7 and 8.  This thermal cycling activity 
also appeared to have no effect on the structural integrity of these transistors as none 
underwent any structural deterioration or packaging damage. 
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Pre-cycling at 20 °C 
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Pre-cycling at -100 °C 
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Figure 7.  Pre- and post-cycling I/V curves at selected test temperatures. 






