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ABSTRACT 
Supply chain efficiency in drugs is a matter of life and death. The drug manufactured in a 
pharmaceutical industry travels a long way in order to save the life of a patient. These life saving 
drugs are expected to be stored at the specified temperature conditions, right from the time of 
manufacturing until it is administered to the patient. Few temperature sensitive drugs lose their 
potency while few others have a shorter shelf life than the prescribed expiry date resulting in 
severe side effects if not stored at the specified temperature. Various bottlenecks encountered 
during the transportation result in the variation of the storage temperature and the doctor 
administering the drug to the patient is completely unaware if the drug had been stored at the 
specified conditions throughout. This scenario demands the need for an effective continuous 
temperature monitoring system for life saving drugs. The paper proposes the design of a novel 
CMOS based temperature monitoring system built around a low power CMOS temperature 
sensor with an on-chip memory and USB interface. Whenever the storage temperature goes 
beyond the prescribed range, the signal conditioning circuitry is triggered to record the 
temperature and the duration for which the temperature fluctuates. This sensor circuitry is 
proposed to be incorporated by the manufacturer in each package containing the lifesaving 
drugs. The doctor administering the drug can view the logged data and decide if it could be 
administered to the patient. The proposed system can reliably ensure that only those drugs that 
have been stored in the specified environmental conditions are administered to the patient.  

Key Words : CMOS, Lifesaving drugs, Memory, Sensor, Storage conditions, Temperature, 
USB 

 
INTRODUCTION 

A pharmaceutical drug, also referred to as 
medicine, medication or medicament, can be 
loosely defined as any chemical substance 
intended for use in the medical diagnosis, cure, 
treatment or prevention of disease. Life saving 
medicines are those that satisfy the priority 
health care needs of the population and are 
selected with due regard to disease prevalence, 
evidence on efficacy and safety and 
comparative cost-effectiveness. As per the 
norms defined by the World Health 
Organization (WHO) medicines are intended 
to be available within the context of 
functioning health systems at all times in 
adequate amounts, in the appropriate dosage 
forms with assured quality and at a price the 
individual  and the  community can afford. The  

efficiency of these drugs depends on their 
storage conditions. The term storage condition 
mainly refers to the temperature. The optimum 
storage temperature of each drug is defined by 
the manufacturer and intended results are 
assured only when that temperature is 
maintained throughout. This optimum 
temperature typically ranges from 180C to 
250C for most drugs. 
The variation in storage temperature is a big 
hazard that may compromise the integrity of 
the product especially with respect to its 
degradation and contamination and hence 
affecting the quality and safety. Most doctors 
attribute failure of few drugs to violation in 
storage temperatures in most cases. It has been 
proven that adverse changes in the storage 
temperature may result anywhere from the 
reduction of the shelf life of the drug to 
undesirable side effects  upon  administering to  *Author for correspondence 
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the patient, thereby tending to spoil the primary 
purpose of the drug.1 The side effects due to the 
failure to meet the temperature requirements in 
many case is unpredictable and the side effects 
may even lead to death of critical patients. In 
such cases the fault may be wrongly imposed on 
the doctor. Although measures are being taken to 
ensure the same, the present scenario lacks a 
reliable supervisory system. This warrants the 
need for a compact2, reliable and cost effective 
continuous temperature monitoring system for 
life saving drugs. Presence of a supervisory 
system will enable doctors to ensure that the drug 
is unharmed before administering to the patient.  

AIMS  AND OBJECTIVES 
1. To monitor the storage temperature of the 

drug from the warehouse till it is 
administered to the patient. 

2. To design a CMOS temperature sensor. 
3. To design a comparator circuit and interface 

RTC NVRAM IC-M41ST85W. 
4. To design a USB interface for viewing the 

storage temperature deviations. 

MATERIAL  AND  METHODS 
Temperature sensor 
The temperature sensing block forms the core  
of the proposed monitoring circuitry. A simple 
CMOS based System-on-Chip (SoC) circuitry  

is designed to deliver an output voltage 
proportional to the absolute temperature 
(PTAT).3-5 The circuit is built around eight 
CMOS transistors powered up by a 3 volt 
lithium coin battery. The temperature relative 
to an arbitrary temperature (typically 300K) is 
given by, 
 

 
The thermal voltage, 
 

 

The pinch off voltage VP and the form factor S 
are,      

 
The circuit design is based on the PTAT 
principle which states that the combination of 
two equal diodes, forwardly biased by currents 
with a fixed ratio N, produces a voltage 
difference between the diodes that is 
proportional to the absolute temperature. 
(Fig.1). The PTAT circuit comprises of seven 
transistors and is used in the saturated strong 
inversion mode. The range of operation is from 
-400C to 1200C. In a MOS device, the output 
voltage varies 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1 : Temperature sensor 

with temperature due to the variation in the 
resistance of the device. The highly sensitive 

transistors MN1, MN2, PN1 and PN3 baised at 
different current densities form the temperature  
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sensor core. The output current directly varies 
with temperature. This temperature is converted 
into equivalent voltage by the transistors PN2 
and PN4. The PTAT output voltage varies 
linearly with temperature in the specified 
range.6,7 The NMOS transistor MN3 is added in 
order to compensate for the variations in the 
circuit current due to temperature.8 The width of 
the transistors may be varied to enhance the 
performance.               
RTC-NVRAM 
The time at which the temperature of the drug 
crosses beyond the specified optimum 
temperature range is recorded with a help of 
real time clock and non-volatile ram (RTC-
NVRAM) IC. The time is retrieved from the 
NVRAM and it is stored in SRAM which can 
be accessed by the personnel administering the 
drug to ensure safety of the drug. The RTC-
NVRAM IC used here is M41ST85W in 
SOX28 configuration which has a 32 KHz 
crystal oscillator embedded in it. One of the 
advantages of this IC is most low power 
SRAMs can be used with it.  The 32 kHz uses 
the mechanical resonance of a vibrating crystal 
of piezoelectric material to create an electrical 
signal with a very precise frequency. This 
frequency is used here to keep track of time and 
to provide a stable clock signal. 

In read mode the master reads the M41ST85W  
slave after setting the slave address. Following 
the WRITE mode control bit (R/W=0) and the 
acknowledge bit, the word address 'An' is 
written to the on-chip address pointer. Next the 
START condition and slave address are 
repeated followed by the READ mode control 
bit (R/W=1). At this point the master transmitter 
becomes the master receiver. The data byte 
which was addressed will be transmitted and the 
master receiver will send an acknowledge bit to 
the slave transmitter. 
The eight byte clock register is used to both set 
the clock and to read the date and time from 
the clock, in a binary coded decimal format. 
Tenths/hundredths of seconds, seconds, 
minutes and hours are contained within the 
first four registers. A WRITE to the clock 
register results in the tenths/hundredths of 
seconds being reset to 00 and tenths/ 
hundredths of seconds cannot be written to any 
value other than 00. Also, it is assured that a 
clock update does not occur while any of the 
eight clock addresses are being read. If a clock 
address is being read, an update of the clock 
registers will be halted. This prevents 
transition of data during the READ. The 
hardware hook up of the IC is shown in Fig.2 
and Fig.3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 : Hardware Hook-up of RTC NVRAM 
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Fig. 3 : Block diagram of RTC NVRAM 

Write mode 
In this mode, the master transmitter transmits 
to the M41ST85W slave receiver. Following 
the START condition and slave address, a 
logic '0' (R/W=0) is placed on the bus and 
indicates to the addressed device that word 
address will follow and is to be written to the 
on-chip address pointer. The data word to be 
written to the memory is strobed in next and 

the internal address pointer is incremented to 
the next memory location within the RAM on 
the reception of an acknowledge clock. The 
M41ST85W slave receiver will send an 
acknowledge clock to the master transmitter 
after it has received the slave address and 
again after it has received the word address 
and each data byte. The sequence of operations 
to be followed is in Fig. 4 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 : Write mode sequence 
Data retention mode 
With valid VCC applied, the M41ST85W can 
be accessed as described in WRITE cycle. If 
the supply voltage decays, the M41ST85W 
will automatically deselect, write protecting 

itself (and any external SRAM) when VCC falls 
between VPFD(max) and VPFD(min). This is 
accomplished by internally inhibiting access to 
the clock registers. During this time, the reset 
pin  (RST)  is  driven  active  and  will  remain  
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active until VCC returns to nominal levels. 
External RAM access is inhibited in a similar 
manner by forcing ECON to a high level. This 
level is within 0.2 volts of the VBAT. ECON will 
remain at this level as long as VCC remains at an 
out-of-tolerance condition. All outputs become 
high impedance. The VOUT pin is capable of 
supplying 100 μA of current to the attached 
memory with less than 0.3 volts drop under this 
condition. On power-up, when VCC returns to a 

nominal value, write protection continues by 
inhibiting ECON. The RST signal also remains 
active during this time. Thus the stored value is 
retained efficiently in the SRAM memory. 
Comparator 
A comparator is defined as an electronic device 
that compares two voltages or currents and 
switches its output to indicate which is larger. A 
latched CMOS comparator is designed as shown 
in  Fig.5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 : Latched comparator circuit 

The output of the temperature sensor is applied 
at the gate of the transistors MN8 and MN9. 
The NMOS pair- MN8 and MN9 along with 
the PMOS pair PN5 and PN6 form the gain 
stage of the comparator.9,10 The clock signal 
output from the RTC NVRAM IC is applied as 
the LATCH signal in order to synchronize the 
two stages. When the LATCH signal is 

enabled, the transistor with the largest current 
in the regenerative loop (PN6 and PN7) 
produces the output. The presence of a double 
positive feedback loop in the latch stage 
facilitates fast response. The latch stage is 
followed by a Set - Reset Flip Flop. The truth 
table of the SR Flip Flop is given as follows 
Table 1. 

Table 1 : Truth of SR Flip Flop 

S R Output Q 

0 0 No change 

1 0 1 

0 1 0 

1 1 Invalid 

Depending on whether MN8 or MN9 is on, the 
flip flop is either set or reset at the falling edge 
of the LATCH signal. As long as the 
temperature sensor output is below the 
specified maximum, the  Flip  Flop output is at  

logic zero and hence the NVRAM circuitry 
remains disconnected from the temperature 
sensor. If the value of the temperature is above 
the predefined set point, the transistor MN8 is 
on and so the flip flop is set. This logic one at 
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the output of the comparator triggers the 
NVRAM write signal and the temperature 
sensor output is stored on the SRAM memory. 
Overdrive recovery is eliminated by resetting 
the latch before every comparison. 
USB Interface 
Universal Serial Bus (USB) interface is chosen  
as it runs at up to 12Mbit/second, that's 12,000  

,000 bps (bits per second) while traditional 
serial ports mostly run at up to 115200 bps. 
The traditional serial ports can be subjected to 
data loss due to UART overflows and missed 
interrupts. This problem is overcome in USB 
and the data transfer is highly reliable. The 
proposed circuit of the USB interface is shown 
in Fig. 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 : USB Interface circuit 

The transistors PN14 to PN17 and MN12 to 
MN17 form the Class AB amplifier. This is 
followed by a high pass filter and a low pass 
filter. The final signal is amplified to a gain of 
30 dB to be transferred through the USB port. 
The circuit is designed for low power 
consumption and is verified to have a high 
noise rejection ratio. 

RESULTS  AND  DISCUSSION 
The temperature sensor circuit is simulated 
using HSPICE Avanwaves. The curve 
obtained (Fig. 7) depicts the linear 
relationship between the PTAT voltage and 
temperature in the chosen range. The slope of 
the curve is constant throughout the operating 
range and is measured to be 0.05 mV/◦C. The  

comparator circuit is simulated with 
VDD=1.25V. As the voltage from temperature 
sensor increases beyond the voltage 
corresponding to the maximum allowable 
temperature stored in the latch (the other 
input to the comparator), the SR Flip Flop 
sets providing logic one output as shown. As 
the temperature sensor output decreases 
below the stored value, the Flip Flop is reset 
thereby outputting a logic zero. (Fig 8). 
The comparator output is used as the WRITE 
signal to the RTC NVRAM. When the 
comparator outputs 2V (Logic one), the 
temperature sensor output is stored on the 
SRAM memory and the pointer is 
incremented by one to point to the next 
memory location. 
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Fig. 7 : Simulation of Temperature sensor 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 : Simulation of comparator circuit 

CONCLUSION 
Thus the software design of the proposed 
temperature monitoring system is discussed and 
the results are verified by simulation. The 
proposed circuitry may be fabricated and placed 
in the package containing life-saving drugs. The 
optimum storage conditions are specified by the 
manufacturer and hence the maximum allowable 
temperature may be stored in the latch. The 
temperature sensor output would be stored on the 
SRAM memory whenever the measured 
temperature exceeds that value. The doctor can  

view this log sheet through the USB interface 
before administering the drug to the patient. The  
system efficiently provides a real time model for 
monitoring the storage environmental conditions 
of the drugs and doctors can ensure that only 
properly stored drugs are administered to their 
patients. Hence the maximum efficacy of the 
drug may be obtained by eliminating all possible 
side effects due to improper storage conditions. 

REFERENCES 
1. Vimalavathini R.  and Gitanjali B., Effect of 

temperature on the potency and 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development             Vol. 7 No. 3, January-March 2013 

1261 
 

pharmacological action of insulin, Ind. J. 
Med. Res., 130(2), 66-169, (2009). 

2. Senthilnathan. T., Ambient air investigation 
with nanotechnology, J. Environ. Res. 
Develop., 5 (2), 359-363, (2010). 

3. Rossi C. and Aguirre P., Ultralow Power 
CMOS Cells for Temperature Sensors, 
Symp. Inte. Cir. Desi. Sys. Design.,4(1),  
252, (2005). 

4. AL. AL, Reaz.M.B.L, Motakabber Mohd 
Alauddin Mohd Ali.S.M.A., A Single-chip 
proportional to absolute temperature sensor 
using CMOS technology, World Acad. 
Science, Engine. Technol.,2(1),  64, (2012). 

5. Kolling A., Bak F., Bergveld P. and 
Seevinck E., Design of a CMOS tempera- 
ture  sensor with current output, E. Sens.  
Actua.: A. Phys.l, 22(1-3), 645-649, (1990). 

6. Chen P., Chen C.-C.,  Tsai C.-C., and Lu 
W.-F., A time-to-digital converter-based 
CMOS smart temperature sensor, IEEE J. 

Solid-State Circu., 40 (8), 1642–1648, 
(2005). 

7. Chen P., Chen C.-C., Chen T.-K., and Chen 
S.-W., A time domain mixed-mode 
temperature sensor with digital set-point 
programming, Proc. IEEE CICC, 821–824, 
(2004). 

8. Chen P., Shie M. C., Zheng Z. Y., Zheng Z. 
F. and Chu C. Y., A fully digital time-
domain smart temperature sensor realized 
with 140 FPGA logic elements, IEEE Trans. 
Circu. Syst. I, Reg. Papers, 54 (12), 2661–
2668, (2007). 

9. Wei. P and Hudson. T, Performance 
improvement of an asynchronous sigma-
delta modulator by programmable hysteresis, 
Procee. World Cong.  Enginee.  Compu. 
Sci., 1 (1), 469, (2009). 

10. Huang. H.W, Lin. C.H and Chen. K.H., A 
programmable dual hysteretic window 
comparator, IEEE Int. Symp. Cir. Syst., 2(1), 
1930-1933, (2008). 

 
 
 

 
 
 

 


