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Fig. 15. The measurement settings of the proposed system. (a) In different transmitting modes when VDDIO is at 3.3/1.8/0.9 V. (b) The chip is heated and cooled
down by a thermo chamber. (c) Thermo test is between C–100 C.

PMOSs mentioned in the above. P1a–P1c and N1a–N1c are de-
signed with different sizes to generate different currents, which
could successfully achieve coarse and fine adjustment.

IV. MEASUREMENT RESULTS

This work is fabricated using TSMC 0.18 m CMOS tech-
nology without thick-oxide devices. Fig. 14 shows the layout
and the die photo of the proposed design, where the 2 VDD
output buffer size is 329 m 65 m and the compensation cir-
cuit area is only 160 m 65 m.
Fig. 15 shows themeasurement settings for PT compensation.

Referring to Fig. 15(a), the body voltage of PMOSs, Vnewll,
are varied from 0.5–0.7 V to emulate different process corners.
Besides, VDDIO are supplied with 3.3/1.8/0.9 V, respectively,
in different transmitting modes while VDD remains at 1.8 V.
Fig. 15(b), (c) show that our chip is heated by a thermo chamber
between C–100 C.
Referring to Fig. 16–18, the maximum data rate of VPADs

without compensation are measured to be 85/95/75 MHz when
VDDIO is at 3.3/1.8/0.9 V given core V, respec-
tively. The worst improvement case of slew rate compensation,
from 1.28 V/ns to 2.79 V/ns, occurs at [TT, 25 C] corner when

V, as shown in Fig. 19. The maximum data rate
is measured to 120 MHz with compensation. The performance
comparison with several prior works is tabulated in Table I. Be-
cause our proposed design detects process variation indepen-
dently for PMOS and NMOS, our proposed design is useful for

Fig. 16. The maximum data rate of VPAD when VDDIO is at 3.3 V.

all process corners, including FS and SF corners, compared with
prior works. The area of our proposed design is 0.0104 mm .
Equation (3) is used to normalize the area among different pro-
cesses, as shown in Table II. After normalization, the normal-
ized area of our design is 0.321, which is the second smallest
area compared with prior works. Notably, the compensation cir-
cuit can be shared in many output buffers such that the area cost
will not a serious overhead.

(3)

Therefore, our design has the edge of maximum slew rate im-
provement in measurement, the lowest power dissipation, and
the capability to detect all process corners.
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TABLE I
PERFORMANCE COMPARISON BETWEEN OUR DESIGN AND PRIOR WORKS

Fig. 17. The maximum data rate of VPAD when VDDIO is at 1.8 V.

Fig. 18. The maximum data rate of VPAD when VDDIO is at 0.9 V.

Fig. 19. When V @120 MHz, the slew rate of VPAD can be
compensated over 117%.

TABLE II
AREA COMPARISON BETWEEN OUR DESIGN AND PRIOR WORKS

V. CONCLUSION

An on-chip process and temperature compensation and self-
adjusting slew rate control technique for output buffers is pro-
posed in this paper. The area of the compensation circuit is only
160 m 65 m. Such an area overhead is affordable in any ad-
vanced process provided that one compensation circuit is shared
by many buffers. Most important of all, the slew rate improve-
ment can be achieved over 117% in addition to avoiding the
gate-oxide overstress and the leakage current.
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