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To comply with the USB specifica-
tion, you power down the temperature 
sensor using the sleep signal while the 
USB logic is in suspend mode. The sen-
sor device receives its power through 
the USB and draws only about 20 mA. 
On the software side, you need only to 
open the device and switch the chip 
into the bit-bang mode. After that ac-
tion, you can send the fixed pattern to 
emulate an SPI master from the host 

PC to the FT232 (Figure 2). The soft-
ware returns a data array of the port 
samples of both the PC and the FT232, 
whose ports are inputs and outputs.

Because the FT232 chips come with 
a unique serial number, you can iden-
tify the correct device within a multi-
chip environment. So, you can put 
more than one FT232-based sensor 
onto a computer. The core of this De-
sign Idea is not limited to measuring 
temperature. You can use other sen-
sors with digital interfaces, as well.

To get the current temperature, you 
must write 35 fixed bytes into the port 
register. The sensor expects 16 clock 
pulses on the SCK line while the SS# 
is low. The clock frequency is 1 MHz. 
The device samples sensor-read data 
during the write operation. After the 
protocol on the back end finishes, you 
can retrieve the data from the host PC 
for further processing. To get just 10 
bits out of the sensor involves consid-
erable data overhead (Figure 2). The 
dashed-line arrows mark the bytes, 
which need no further evaluation.

This Design Idea realized two sample 
circuits on a two-layer PCB (printed-

circuit board) measuring only 18�12 
mm (0.7�0.47 in.) and 7.6�30.5 mm 
(0.3�1.2 in.). Figure 3 shows them in 
comparison to the size of a USB Type 
A plug.EDN
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Figure 2 The timing diagram for the AD7814 shows considerable data overhead to download 10 bits of temperature data.

Figure 3 Two sample circuits (left and 
center) are smaller than a USB Type A 
plug (right).

The Texas Instruments (www.
ti.com) IVC102 precision inte-

grator has high-quality internal capaci-
tors. The circuit in Figure 1 allows you 

to measure very-high-resistance values 
of RX. A precision difference amplifier, 
a TI INA105, applies a reference volt-
age to RX. During integration, a nega-

tive voltage ramp, VO, is generated at 
the output of the IVC102. The two 
LM311s compare the amplitude of VO 
with two fixed thresholds and gener-
ate the two digital signals: start and 
stop. The delta time between two such 
events relates to the system parameters 
by the expression: �T�CINT[(VA� 
VB)/VREF]RX, where �T is the delta time 
and CINT is the internal integrating ca-

Integrator enables simple ohmmeter 
with gigohm range
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pacitance of the IVC102, 
which external connections 
on pins 4, 5, and 6 select. 
(Note: when S1 is open, 
CINT�10 pF, whereas, when 
S1 is closed, CINT�100 pF.) 
The VA threshold allows 
the circuit to see the out-
put ramp without any offset 
on the VO signal. Because of 
the INA105 difference am-
plifier, VREF�VA�VB, so the 
previous equation reduces 
to: �T�CINTRX. Also note 
that the precision of resis-
tors R1, R2, and R3 is not 
critical. The difference am-
plifier guarantees the preci-
sion of the ohmmeter.

External digital-control 
circuitry can measure delta 
time by counting the clock 
periods between the start 
and the stop events. At the 
end, the control circuit can 
generate a reset signal for 
the IVC102 to perform a 
new measurement.EDN

Figure 1 Using an IVC102 precision 
integrator, this circuit can measure 
resistances in the gigohm range.

Angle sensing at 150°C 
ambient temperature
AS5140H – your magnetic encoder choice 
for engine compartment applications

-40°C to +150°C ambient temperature

AEC-Q100 certifi ed

System diagnostic features

10-bit absolute (serial, PWM)

and incremental outputs
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