
Figure 1 This circuit for a USB temperature sensor works in default UART and bit-bang modes.

108  EDN  |  MAY 24, 2007

designideas

HCF40110 BCD counters. When the 
third counter generates a carry, 1000/
fCK seconds have elapsed. In Figure 2, 
a set/reset flip-flop controls S1’s state, 
and  the 74HC14 hex inverter with 
a Schmitt-trigger input generates the 
pulses that reinitialize the system. A 
brief description of the measurement 
cycle follows. When the IVC102’s out-
put voltage becomes greater than the 
threshold voltage, the INH (inhibit) 
signal connected to the toggle input of 

the first HCF40110 inhibits counting. 
At the same time, the negative-going 
edge of the comparator output gener-
ates a negative-going pulse of approx-
imately 10 �sec, which latches the 
counters’ values at the output to display 
the actual result. After this step, a nega-
tive-going pulse sets the SR flip-flop to 
close S1. A corresponding positive-go-
ing pulse resets the counters. The latch-
enable lines of the 40110s are tied high, 
so the counters’ reset doesn’t affect the 
displayed value. When the reset pulse 

ends and the comparator’s output 
goes high, the HCF40110s can count 
up. When the third counter gener-
ates a carry (negative-going pulse), the 
1000th clock period has elapsed, and 
the SR flip-flop resets to open S1. The 
cycle ends at the next falling edge of 
the comparator’s output. The time pe-
riod in which I2�I1 charges CINT is NA/
fCK(NA�1000), and the I1 requires for 
discharging is NB/fCK. Manipulating the 
integrator-related relationships yields 
I2/I1�N/NA, where N�NA�NB.EDN

This Design Idea presents a 
simple, accurate, and reliable 

design to measure temperature using 
the USB. Figure 1 shows the com-
plete circuit of the temperature-sen-
sor device. The heart of the sensor 
device is an FT232RQ USB-to-serial 
converter from FTDI (Future Tech-
nology Devices International, www.
ftdichip.com). In addition to using the 

FT232 in its default UART mode, the 
FT232 works in a so-called bit-bang 
mode (references 1, 2, and 3). This 
mode changes its I/O lines into a bi-
directional data bus, which the user 
can fully control. The connection with 
the USB takes place in a standard man-
ner, and the back end of the chip in-
terconnects to an AD7814 digital tem-
perature sensor from Analog Devices 

(www.analog.com, Reference 4).
The temperature sensor uses a four-

wire SPI but only three pins: SCK 
(serial clock), SS# (slave select), and 
SDO (serial-data out). To avoid any 
malfunction of the sensor, the SDI 
(serial-data-in) line must be grounded. 
The FT232 acts as an SPI master and 
emulates the protocol for the AD7814 
by setting or clearing the appropriate 
port pins for SS# and SCK. The data 
from the sensor gets read back togeth-
er with all the other bus lines. This 
process occurs simultaneously with the 
write process.

Accurate USB 2.0 temperature 
sensor needs only a handful of parts
Silvio Lauckner, Ismaning, Germany
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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

R E FE R E N CE S
 “FT232R USB UART IC,” Future 
Technology Devices International, 
2005, www.ftdichip.com/Documents/
DataSheets/DS_FT232R.pdf.
 “AN232R-01 Bit Bang Modes for 
the FT232R and FT245R,” Future 
Technology Devices International, 
2005, www.ftdichip.com/Documents/
AppNotes/AN232R-01_FT232RBit
BangModes.pdf.
 “D2XX Programmer’s Guide,” Fu-
ture Technology Devices International, 
2005, www.ftdichip.com/Documents/
ProgramGuides/D2XXPG33.pdf.
 Analog Devices, Data sheets 
AD7814 (www.analog.com/en/
prod/0,,764_814_AD7814,00.html), 
ADT7301 (www.analog.com/
UploadedFiles/Data_Sheets/
ADT7301.pdf), and ADT7302 (www.
analog.com/en/prod/0,,764_811_
ADT7302,00.html).

WRITE DATA
(35 BYTES)

SS#

SCK

MISO

0�08
0�48 0�00

0 D9 D8

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�00

0�08
0�48

READ DATA

D7 D6 D5 D4 D3 D2 D1 D0

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
Stefano Salvatori and Gennaro Conte, 
Università degli Studi di Roma Tre, Rome, Italy
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