
↘ You often need to include a timed 
automatic-turn-off circuit in 

battery-powered equipment to extend 
battery life. Previously published Design 
Ideas for this function all involve many 
components (references 1 through 7). 
The circuit in Figure 1 is a simple auto-
matic-shutoff add-on circuit featuring 
no quiescent current. 

When you press the pushbutton 
switch, C1 charges rapidly through the 
low-value R2 to the zener voltage of 
diode D1, and P-channel MOSFET Q1 
immediately conducts. After the push-
button is released, C1 discharges slowly 
through the high-value R1 with a time 
constant of R1C1 seconds. During this 

time, C1 loses 63% of its initial volt-
age—from 9V to 3V after the delay. 
Reference 8 shows the on-resistance 
versus the gate-to-source voltage of a 
Vishay Siliconix Si4435. As long as the 
gate-to-source voltage is greater than 
approximately 3V, the device’s on-resis-
tance remains lower than 0.1Ω, yielding 
a dropout voltage of less than 0.1V for a 
load sinking as much as 1A. 

The 9.1V zener diode, D1, keeps the 
shutoff time delay independent of the 
battery voltage and ensures that the 
gate-to-source voltage does not exceed 
Q1’s rated maximum of 20V. Thus, you 
can use this circuit with a choice of 
battery voltages; only the maximum 

drain-to-source voltage of transistor Q1
limits the choice. With 3.6 to 9V bat-
teries, D1 and R1 are useless (remove 
D1 and short-circuit R2), and you must 
compute the time delay with the classic 
equation T=−R1C1loge(3/VBAT), as Table 
1 shows. With battery voltages as low 
as 1.5V, instead use a bipolar transistor 
with a low saturation voltage as well as 
a modified circuit scheme. 

Editor’s note: With no feedback for 
rapid shutoff, as C1 slowly discharges 
below 3V, Q1 goes through a period of 
gradually increasing the on-resistance, 
which temporarily increases its power 
dissipation and heating during the shut-
off action. Be sure to consider this effect, 
size Q1 adequately for the load current, 
and use adequately sized heat sinks.EDN
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Figure 1 This simple automatic-shutoff circuit uses a P-channel MOSFET. 

TABlE 1 Time delay (SecondS) wiTh 10-mΩ R1

Battery voltage (V) LN (3/VBAT) C1=10 μF C1=100 μF

7.5 −0.916 92 916

6 −0.693 69 693

4.5 −0.405 41 405

3.6 −0.182 18 182
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↘ Digital-system designs require 
you to consider many core volt-

ages. Memory operates at 1.8V, I2C and 
FPGA devices operate at 3.3V, micro-
controllers operate at 5V, and charge-
coupled-device image sensors operate at 
−9 to 8V. Clocks for each device must 
suit their operating voltages. 

You can use the level-shift circuit in 
Figure 1 to adjust an input clock signal 
to the proper logic-high and logic-low 
voltage levels, including negative volt-
ages. This property is handy for devices 
that need a negative voltage, such as a 
charge-coupled-device sensor. Although 
the circuit’s output clock is 180°-inverted 
relative to the input clock, that inversion 
does not affect the function of the device.

The level-shift circuit comprises 

fast-switching transistors Q1 and Q2. 
The user chooses level-shift high and 
level-shift low, which are dc-bias voltag-
es and which connect to the transistor 
emitters, to match the desired output 
high- and low-logic levels. C1, R1, D1, 
C2, R2, and D2 keep the base voltages of 
Q1 and Q2 close to that of their emitters.

Because memory and charge-cou-
pled-device sensors 
usually have high-fre-
quency clocks, you can 
choose C1 and C2 to 
prevent low-frequen-
cy-noise pass-through. 
The circuit in Figure 
1 uses a 20-MHz sig-
nal for measurements 
(Table 1) and thus uses 

a value of 100 pF for C1 and C2. When 
the input voltage’s clock is low, Q1 turns 
on and Q2 turns off, driving the output 
voltage’s clock to the level shift’s high 
potential. When the input voltage’s 
clock is high, Q1 turns off and Q2 turns 
on, driving the output voltage’s clock 
to the level shift’s low potential, even 
when that potential is negative relative 
to ground.

Because of the circuit’s high switch-
ing speeds, keep component leads as 
short as possible to minimize induc-
tance. This caveat is especially true for 
C3 through C6’s leads to their respective 
transistor emitters and to the ground 
plane or the output ground return.EDN
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Figure 1 This simple and fast level-shift circuit can adjust an input clock to both positive and negative voltage levels. 

TABLE 1 Input and output clocks
High/low level shift 

(V)
Input clock  

(V)
Output clock  

(V)

3.3/0 0/5 3.3/0

20/10 0/5 20/10

−5/−10 0/5 −5/−10

2/−4 0/5 2/−4




