
Simple Li-Ion 
Cell Charger 

This circuit uses an LM317T 
adjustable 3-terminal regulator to 
provide a simple current-limited 
charger for Li-ion cells. LED indica¬ 

tors are provided for power indica¬ 
tion, charging and current limiting. 
It runs from a 9V DC plugpack. 

The 220Q/560Q voltage divider at 
the output of REGl sets the output 
voltage to about 4.2V, with VRl 

allowing the charge termination/ 

open circuit output voltage to be 
accurately set to anywhere between 
3.6V and 4.25V. Most 3.7V Li-ion 
and Li-po cells will normally specify 
a full charge voltage between 4.1V 
and 4.2 V. 

Red LEDl provides power-on in¬ 
dication, while green LED2 indicates 
charging and is extinguished at 
completion of the charge (ie, when 
the current drawn from the output 
is very low). Yellow LED3 indicates 

when current limiting is in effect. 
When current is drawn from the 

output, it flows through Dl, creating 
a voltage drop of about 0.6-0.8V, 
depending on how much current is 

flowing. Above a certain threshold, 
this is sufficient to forward bias Ql’s 
base-emitter junction, turning the 
green LED on. As the cell charges 

and its voltage increases, the charg¬ 
ing current falls off, reducing the 
voltage drop across Dl. When the 

voltage falls sufficiently, Ql turns off 
and so does the green LED. 

Over-current control is provided 
by Q2, its 100Q base resistor and 
the 3.9Q 1W current-sense resistor. 
Return charge current from the cell’s 
negative terminal flows through this 
3.9Q resistor to ground, forming 
a voltage drop of 3.9V/A or IV at 

256mA. When this is sufficient to 
forward-bias the base-emitter junc¬ 
tion of Q2, it turns on, pulling REGl’s 
adjust terminal towards the negative 

supply. This lowers its output volt¬ 
age and hence current and when at 
the minimum of about 1.25V, the 

current is limited to around 300mA. 
When Q2 is switched on, so is the 

identically-connected Q3, lighting 
LED3 (yellow). Diode D2 protects the 
LM317 in the event that the supply is 
disconnected while charging. 
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Auto-ranging 10jaA to 
10A Current Meter 

I often find that I want to monitor 
supply current to a project I am work¬ 
ing on but I need my multimeters 
for probing the circuit, monitoring 
supply voltages, etc. Also when 

measuring current, it’s quite easy 
to blow the meter’s fuse or destroy 
its internal shunt due to excessive 

current. Hence, I designed this 
lOpA-lOA auto-ranging meter that 
automatically cuts out if the current 
exceeds 10.2A. 

The design criteria included easy 
calibration and high accuracy. It’s 

microprocessor controlled and its re¬ 
sult is displayed on a standard LCD. 

The microprocessor senses the 

shunt voltage and switches in an 
appropriate shunt value using Mos- 
fets Q1-Q6 as electronic switches, 

to select the best range for the 
measurement being made. As the 
voltage across the shunt is small, a 
DC amplifier is placed between the 
selected shunt and the microcon¬ 
troller’s ADC input. 

To enable reasonable tolerance 
shunt resistors to be employed, elec¬ 

tronic switching is used to select a 
different amplifier gain potentiome¬ 

ter for each range, allowing calibra¬ 
tion of each shunt. Placing the shunt 
between the source of the FET and 
earth removes the FET’s on-resistance 
from the measurement. However, 
low on-resistance FETs are still de¬ 
sirable to minimise dissipation. The 
specified FET for the 10A range has 
an on-resistance of about 2mQ, for a 
maximum dissipation of 200mW, so 
no heatsinking is needed. 

REFl, an LM285Z-2.5V provides 
the reference voltage for the ADC 

on pin 2 of PIC16F88 microproces¬ 
sor IC5. The ADC is a 10-bit type 
so it can sense 210 or 1024 discrete 
voltages between 0 and 2.5 V. If we 
make 1000 the upper limit of each 
range, the maximum voltage needed 
on pin 3 (the ADC input) is 1000 -*■ 
1023 x 2.5V = 2.44V. 

The shunt used for the 10A range 
is O.Olfi which gives a voltage of 10A 
x 0.01V = 0.1V for a full-scale read¬ 

ing. Similarly, the shunt for the 1A 
range is 0.1Q which gives the same 
result and so on. So the amplifier 
needs a gain of 2.44V -s- 0.1V = 24.4 
times. We use an OPA4344 quad 
CMOS rail-to-rail op amp (ICl), with 

each stage cascaded. 
Because of the high gain, any 

mains pick-up (50Hz, 100Hz, etc) 

will affect the result. So we use a 
low-pass filter with a cut-off below 
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