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nsistor channel gets actively shrunk, 
while supply voltages do not follow that much dynamics and do not get decreased by the same 
per-cent. This scenario increases the aging phenomenon.  

The simulations of a serial-link transmitter are implemented, considering the aging pro-
cess of the MOSFET device within 10 years. The aging is simulated for the idle mode of the 
transmitter, while pre-driver buffers are in a static state and only the PMOS or only the 
NMOS transistor has gate-source and gate-substrate voltage differences, hence only one of 
the devices is affected by the aging process. As a result, the duty cycle of pre -driver stages is 

 
In this paper, a technique is proposed to ensure the same degradation for the pre-driver 

PMOS and NMOS transistors during the aging process. It allows to have the same delay for 

created. As a result, the output jitter of the transmitter gets reduced, hence increasing the noise 
immunity by creating an extra margin for the noise induced jitter. 
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Introduction. The undesirable effects are caused by bias temperature instabil-

ity (BTI) and hot carrier injection (HCI) effects. The two types of the BTI effect 
are available, the first one is positive BTI (PBTI) and the second one is negative 
BTI (NBTI). The PBTI affects the NMOS transistors while PMOS transistors suf-
fer from the NBTI. The NBTI effect on the PMOS transistors is more dominant 
than the PBTI effect on the NBTI transistors. These two effects lead to an increase 

th threshold voltage. 
The HCI effect is caused by the carriers in the transistor channel which are in-

jected and trapped into the gate oxide. This effect appears with large gate-source and 
gate-substrate voltages. Similar to the BTI effect, the HCI also leads to an increase 
in the Vth voltage. From HCI, the NMOS transistors suffer more than the PMOS 
transistors do [1]. 

on a MOS device. Two main types of this models are charge-based and semi-
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empirical models. In a charge-based model an additional capacitor is added between 
the inverse region and the gate oxide. The charge of that capacitor is changed within 
a time period and the changing amount depends on the BTI and HCI effects. The 
accumulated charge by BTI has a recoverable portion, while HCI does not have. The 
total accumulated charge during the aging process is given below (1) [2]: 

, (1) 

where  is the charge amount caused by the HCI effect,  is the 
charge amount caused by the BTI effect and the  is the recoverable portion 
of the accumulated charge by the BTI effect. The accumulated charge can be calculat-
ed by the transistor model, and the threshold voltage shift can be calculated as follows 
(2) [2]: 

, (2) 

where  is the added capacitor for aging simulation. Instead of ,  could be 
used. 

Problem description. The increased threshold voltage will enlarge the transition 
delay of the transistor. While the logic gate is static, only a part of devices will suffer 
from aging, as the rest of them will be closed and will have zero-biased gate-source 
and gate-substrate voltages. 

To provide the strength signal with small rise/fall times, the data before transition 
is buffered and provided to the driver which will transmit the data to the receiver 
through the channel (Fig. 1). 
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age with pre-drivers 

In the idle mode, there is no data to be transferred from the transmitter [3], and 
the inputs of the pre-
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aging and delay of switch-

the same as before aging. The next device which will suffer from aging in the buffer is 
, as a result, the transition de-

e-
vices which are involved in the data transition process are the input PMOS and the 

transition. As a result, the duty cycle of the buffer will be distorted. With the number 
of buffers, the duty cycle distortion gets increased, as it will be accumulated through 
the buffer chain [4]. 

The aging simulations of the serial-link transmitter are implemented. The aging 
period is selected 10 years. While the aging transmitter was in the idle mode, after the 
aging impact is inserted the transmitter is simulated in the data transfer mode. The ag-
ing impact within 10 years for a 5-stage buffer chain pre-driver is presented in Fig. 2. 
The upper signals are the after aging results and the bottom signals are before the ag-
ing results. The plo
duty cycle at each buffer is almost the same. After aging, the duty cycle gets distorted 
and at the output of the fifth buffer, the duty cycle is 47.5%, while it is required to 
have a maximum +/- 1% error from 50%. 

 
 

The pre-driver buffers provide data to the driver stage which will transmit it to 
the receiver through the channel. As at the buffers output, the duty cycle is distorted, 
we will get the same at the transmitted data. The duty cycle distortion will create addi-
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tional jitter at the output of transmitter and at the input of the receiver [5]. The trans-
 after aging (Fig. 4).  

 
 

Before aging the output data jitter is 13.2ps, while after aging, it is increased by 
6.3ps and equals 19.5ps. 

 
 

The proposed solution. The technique is proposed to provide the same aging 
impact for all devices of the buffers to keep the symmetry of the operation. When 
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NMOS of the output inverter will be degraded, because of gate-source and gate-

inverter and the PMOS of the output inverter will be degraded. In the case, when 
half of the supply is applied at the buffer input, both devices will have the same bias 
voltages and both devices will be degraded, but in this case, both devices will be 
opened and huge static current will flow through the devices. 

It is proposed to change the input of the buffers during the idle mode. This will 
allow to degrade both the PMOS and NMOS devices of the buffers, in this way, the 

cycle of the output signal will not be distorted. The output driver will be disabled by 

power if it is necessary. This will eliminate the data change at the output of the driv-
er. During the idle mode, the input is switched to a low frequency signal which is 
obtained from the quartz generator clock by dividing its frequency (Fig. 5). 
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Fig. 5. A transmitter with the proposed technique 

The low frequency signal provides small power consumption during the idle 
mode of the transmitter. The added clock dividers are built with the minimal sized 
transistors and will use much less power than the pre-driver buffer chain, so it is 
preferable to add frequency dividers to save power. 

The aging simulation of the serial-link transmitter is implemented with the pro-
posed solution with a 10 year degradation. The duty cycle for a 5-stage buffer chain 
pre-driver is presented in Fig. 6. The duty cycle error is 0.1%. 
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 output after aging 

 

presented in Fig. 7. The jitter of the output signal is almost the same as before aging 
and equals 13.4 ps. The difference of 0.2ps is caused by rise/fall time degradation after 
aging. 

 

 
 

The summary results with the comparison of the initial and proposed methods are 
presented in Table. 

Table 
Summary results 

Initial version Proposed technique 
Duty cycle [%] 47.5 49.9 

Jitter [ps] 19.5 13.4 
Pre-driver area [um2] 58 72 

Die area [um2] 455800 455814 
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Conclusion. The aging simulations are implemented for a serial-link transmit-
ter. The duty cycle distortion of the pre-driver buffer chain is observed, which is 
caused by asymmetrical degradation of the buffer chain. The technique is proposed 
to ensure the symmetrical degradation for all buffers which eliminates the degrada-
tion impact on the duty cycle of the transmitted data, hence providing the data with 
almost the same jitter as before degradation. The margin for a noise induced jitter, 
hence noise immunity is enhanced by 31% at the expense of 26% area increase of 
pre-driver stage and additional 32.6 uW power dissipation, which is quite small 
compared with transmitters 15.8 mW power consumption. Compared with total area 
of the transmitter-receiver system, the difference is quite small, less than 0.0001%. 
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