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Abstract-A slew rate improved 2xVDD output buffer is 
proposed in the paper. By using the leakage compensation circuit, 
the gate oxide overstress at the output stage is avoided and 
the rising SR is improved. Besides, by using the Delay Buffer, 
the falling SR is improved by avoiding the PMOS and NMOS 
transistors turned on at the same time. The proposed design 
is carried out using a typical 90 nm CMOS process. After the 
leakage and delay compensation, the SR of the rising and falling 

edge of the output signal for VDDIO = 1.8 V is improved 27% 
and 22%, respectively. The maximum data rate is simulated to 
be 330/500 MHz for VDDIO = 1.8/1.0 V, respectively. 

Keywords-mixed-voltage; gate oxide overstress; leakage 
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I. INTRODUCTION 

PVT compensated 2 x VDD output buffer is presented to 
adjust the output slew rate (SR) [1]. However, the gate leakage 
current in the nano-scale process causes over voltage and under 
voltage for Vsg of the PMOS transistor in the stacked output 
stage [2]. The over and under voltage for Vsg results in the gate 
oxide overstress and decreased SR (slew rate), respectively. 

Thus, this paper proposes a 2 x VDD output buffer with 
leakage and delay compensation to avoid the gate oxide 
overstress and the SR degradation. The SR is improved by 27% 
and 22% for the rising and falling edge after compensation. 
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Fig. 1. Block diagram of the proposed 2xVDD output buffer. 
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II. THE PROPOSED 2xVDD OUTPUT BUFFER USING 

LEAKAGE AND DELAY COMPENATION 

Fig. 1 reveals the block diagram of the proposed 2 x VDD 
output buffer, which is composed of the PVT Compensation 
Circuit, Leakage Compensation Circuit, and Stacked Output 
Buffer. The PVT Compensation Circuit generate two digital 
control codes Po[3: 1] and No[3: 1] for controlling the on/off 

National Sun Yat-Sen University, 

Kaohsiung, Taiwan 80424 

Email: *andrew@vlsi.ee.nsysu.edu.tw 
t ccwang@ee.nsysu.edu.tw 

state of the Stacked Output Buffer based on the prior work 
[1]. The Leakage Compensation Circuit generates a control 
signal, Lo, to activate the Leakage Current Compensator for 
the Stacked Output Buffer. 
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Fig. 2. Block diagram of the Stacked Output Buffer. 

Fig. 2 reveals the block diagram of the Stacked Output 
Buffer. The Pre-driver generates the on/off control signals for 
the Output Stage according to DOUT, Po[3:1] and No[3:1]. 
V g 1 generator is a level converter to shift the control sig­
nals for the PMOS transistors, MP401a.-vMP401c. The De­
lay Buffers are employed to compensate the delay of V gl 
generator, thus, the falling SR is improved by avoiding the 
NMOS and PMOS transistors turned on at the same time. 
When V 40lpd is pulled low due to the leakage current, the 
Leakage Current Compensator is activated by Lo to avoid the 
gate oxide overstress at MP401a.-vMP401c and improve the 
rising SR. 

Fig. 3 shows the schematic of the Leakage Compensation 
Circuit. The Output Stage Replica possesses miniaturized 
size of the Stacked Output Stage to avoid the high power 
consumption and the coupling effect due to the gate oxide 
capacitors. Lout is the indicator for the variation of V 40lpd 
due to the leakage. By comparing Lout with the reference 



voltage, VRL, the activation signal, Lo, is generated to turn 
on the Leakage Current Compensator. Thus, the gate oxide 
overstress and rising SR degradation caused by the leakage 
can be compensated. 

Fig. 3. 

Control 
Circuit 

I 
I 
I 
I 
I 
I 
I 
I 

I - I 
GND I L ______ _ 

comp4 

Schematic of the leakage compensation circuit 

III. IMPLEMENTATION AND SIMULATION RESULTS 

The proposed 2xVDD Output Buffer is implemented using 
a typical 90 nm CMOS process. The core area is only 0.056 x 
0.439 mm2. Based on the post-layout simulation, V 401pa and 
V 401na rise at the same time and the transient current of MP402 
is reduced, as shown in Fig. 4. Thus, the falling SR of the 
output signal is improved. Besides, V 401pd is clamped at 0.72 
V after the leakage compenssation, as shown in Fig. 5. Thus, 
the gate oxide overstress at MP401arvMP401c is avoided. The 
SR of the rising and falling edge of the output signal for 
VDDIO = 1.8 V is improved by 27% and 22%, respectively. 
Table I reveals the comparison of the specifications with 
several prior works. A FOM (figure of merit) is given to show 
the performance among these works. 

TABLE l. COMPARISON WITH SEVERAL PRIOR WORKS 

This work 

Year 2014 
Production EDSSC 

Process 90 nm 

VDD (V) 1.0 
VDDlO (V) 1.8/1.0 
Data rate (MHz) 3301500 
SR (V/ns) 1.89-2.32 
Power (mW) 2.36 
FOMI 0.89 

0 
Note: ! FOM = Avera",ed SK

. Power 

[I] 
2012 

VLSI-DAT 

90 nm 

1.2 
2.5/1.8/1.2/0.9 

345 
1.1-2.5 

5.6 
0.32 

IV. CONCLUSION 

[3] [4] 
2007 2004 

[SSCC [SSCC 

0.18/.Lln 0.35 ILm 

1.8 3.3 
1.8 3.3 
500 50 

2.1-3.58 NIA 

13.7 2.2 
0.21 N/A 

This paper proposes a SR improved 2xVDD output buffer. 
By using the leakage and delay compensation, the gate oxide 
overstress is avoided. Moreover, the SR is improved by 27% 
and 22% for the rising and falling edge, respectively. 
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Fig. 4. Simulated waveforms with and without delay buffer at [TT, 25°C] 
for VDDIO = 1.8 V. 
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Fig. 5. Simulated V 401pd with and witout leakage current compensation at 
[IT, 25°C] for VDDIO = 1.8 V, 50 MHz data rate and 20 pF loads. 
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