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Temperature-Stabilized, Triggerable Microelectronic

Astable Multivibrator Starts Reliably 

The problem: 

To design an ultracompact, low-power astable 
multivibrator with sure-start characteristics. Slowly 
applied or steadily increasing supply voltages often 
fail to trigger a multivibrator by producing "lockup" 
(both transistors are switched to the ON position). 
Standard multivibrators also lack frequency/tempera-
ture programming flexibility, and thus are not useful 
in changing thermal environments.

The solution: 
Use of multiple chip custom block, MIC construc-

tion to fabricate an ultracompact, low-power astable 
multivibrator. Careful circuit design and the design 
flexibility provided by materials used in MIC fabrica-
tion provide a multivibrator that (1) free runs, elimi-
nating "lockup," (2) is triggerable, pulling into 
synchronization with an external signal source, and 
(3) permits. design flexibility for controlling the fre-
quency variations with temperature. The multivibrator 
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starts reliably as approximately one-third of the 
supply voltage is reached. 

How it's done: 
The multivibrator, packaged in a 12-pin, TO-8 MIC 

block, is shown inside the dashed lines of the figure. 
The sure-starting circuitry, which assures that the 

multivibrator free runs and will not lock up when 
Vcc is applied slowly, is essentially the CRI(CR2) in 
series with R3(R4) dc-coupled parallel (shunt) path 
around CTI(CT2), timing capacitors. The timing 
capacitors store and apply equal voltages to the 
transistor bases. The transistor thresholds are reached 
simultaneously, producing a "lockup" condition. The 
dc-coupled parallel paths introduce the nonlinearities 
of RI, R2, R3, R4, CR1, and CR2, providing a slight 
initial imbalance to the transistor bases and insuring 
that one transistor will be biased off while the other 
conducts. 

The synchronization feature is provided by R5(R6), 
Cl(C2), and D3(D4) as the hybrid triggering circuit 
for Ql(Q2). Cl differentiates the incoming square-
wave signal, while D3 conducts only during negative 
cycles to turn off QI. R6, C2, and D4 serve the 
differentiating, steering, and blocking function for 
the Q2 side. 

The multivibrator period vs temperature perfor-
mance can be controlled to yield low thermally-caused 
variations, or an increase or decrease in period with 
increased temperature. This feature is controlled with 
proper selection of the timing resistor and capacitor 
temperature coefficients (sign and magnitude). For 
example: diffused resistors have a large (+) Tc; thin 
film resistors, a small (-) T; glass dielectric capaci-
tors, a small (+) T; and ceramic disk capacitors, a 
large (-) T.

Using a discrete circuit as the control, the frequency 
variations vs temperature were compared for various 
resistors at —55° and + 125° C. The frequency variation 
for a discrete circuit with mica timing capacitors is 
+ 7% at 125°C. In comparison, for boron-diffused 
resistors in a MIC, together with low or negative 
temperature coefficient timing capacitors, the varia-
tion is from —17°/ at —55°C to + 4% at 125°C. A 
multiple chip circuit version using anodized tantalum 
thin film resistors gave —15% at —55°C and +33% at 
125 1 C with glass capacitors and —20% and +48% with 
ceramic dielectric capacitors. With a monolithic dif -
fused resistor circuit using negative-temperature-
coefficient ceramic dielectric capacitors, the minimum 
variation was obtained, —2% at —55 0 C and +4% at 
125°C. 

Notes: 
I. All resistors except R3 and R4 can have 20% toler-

ances; however, R3 and R4 must be matched to 
within ±lO%. 

2. Inquiries concerning this invention may be di-
rected to: 

Technology Utilization Officer 
Manned Spacecraft Center 
Houston, Texas 77058 
Reference: B67-10624 

Patent status: 
Inquiries about obtaining rights for the commer-

cial use of this invention may be made to NASA, 
Code GP, Washington, D.C. 20546. 
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