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ABSTRACT

In Chapter 1, there are some descriptions about the role of the IF filter in a
communication system. Then, the motivation and the methodology to perform the
research of the GM-C filter is presented. IniChapter 2, the fundamental theorem and
functional blocks of the GM-C filter are introduced: After that, the possibility to
compensate the fixed and variable érrors is-discussed.-In Chapter 3, the author uses
one 36MHz IF band-pass filter as réference design to study the corner effects and the
temperature effects. Analyses and proves that.the two variances of this filter can be
compensated by using IC trimming skills and self-compensated bias circuits.

In Chapter4, it is concluded that one can use the IC trimming skills to correct the
center frequency error of the band-pass filter that is due to the IC process variance,
and then use a self-compensation bias circuit to compensate the IC temperature effect.
This design methodology is approved in this thesis, but a small error will exist due to
the fact that this method is not an auto-feedback system, such as the auto-tuning
method. This error will limit the application of the IF filter, but there are still lots of

benefits in the low-Q IF filter design.

The GM-C filter that is designed by this suggested methodology has a lot of
benefits. These benefits are a) simple design method, b) very small IC area, ¢) low
power consumption, d) no interference that exists in the auto-tuning system, and e) no
need of an accurate reference frequency source. This method uses the IC trimming
technology in the IC test, so the test cost will be increased. The center frequency
detection system of band-pass filter will dominate the total test time in the IC tester.
To design an excellent center frequency detection system will reduce the IC test cost.

The purpose of the GM-C filter design methodology that is presented in this thesis
provides another design possibility for GM-C filter mass production. There are some
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research areas that can be done following this design methodology. The research
motivation and the theorems are introduced. The corner effect and temperature effect
of the GM-C filter are then analyzed. Finally, this design methodology can be proved
to be useful in low-Q IF filter design. The key point of this thesis is to provide an
alternative for the mass production of IF band-pass filter design.
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(C5 & C6 =1.0 pF)

Vbias (Vdc) @ Temperature ()
Corner
-20.000 25.000 70.000 Ao > +70
TT 0.517 0.498 0.482 -0.035
FF 0.412 0.392 0.376 -0.036
SS 0.624 0.605 0.591 -0.033
FS 0.415 0.395 0.379 -0.036
SF 0.621 0.602 0.587 -0.034
Avg. -0.035
3a. Vbias (C5 & C6 =0.5 pF)
I5 & I6 0.5 pF 1.0 pF,
GM-C Vbias
3b.
Vbias (Vdc) (@ Temperature ()
Corner
-20 25 70 Ao >+70
TT 0.54 0.527 0.518 -0.022
FF 0.434 0.418 0.408 -0.026
SS 0.648 0.636 0.628 -0.020
FS 0.437 0.424 0.414 -0.023
SF 0.644 0.632 0.623 -0.021
Avg. -0.022
3b. Vbias
3a 3b
C5 & C6 Vbias
335
Vbias Corner
Fo
Vvga 4
Bias Voltage (Vdc)
Corner Fo (MHz)
Vbias Vemref Vvga
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0.900 37
0.527 1.100 1.500 36
IT 1.300 34
1.300 34
0.527 1.100 1.500 36
1.700 37
4.
Vemref Vvga
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3.4.1
[10]
19a 19b 19c
(a) (b) (c)
19.
Hspice

Jib 'mmO18.1' tt
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** power supplies

vdd vdd 0 1.8

vss vss 0 0
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Vo v (Vdc) @ Temperature ()
Circuit T
-20 25 70 A0 >+70
19a 0.503 0.493 0.484 -0.019
19b 0.58 0.599 0.618 0.038
19¢ 0.466 0.445 0.426 -0.040
5. 19 Vo v
19b MOS
Id VO_VB 19a 19¢
120 VO_VB
34.2
GM-C Level Shifter
[10] - GM-C ,
High level shifting circuit,
High-£ level shifting circuit
r ' }HJ k}ﬂb
Vpcd NMOS )=+ Vg
Vo A PMOS)= — V. | | | NMOS
gz AV i ID_|H-W L<<]
[ " (b} AN = i
- WL- 0
wik< <l °_| Hjm:m J
I | "‘I||r ) :
Frequency response could be degraded
- Va5 -Vss
(a) (b)
20. Level Shifter
PMOS

Level Shifter
PMOS

AVDC(PMO S):-VGS < 'VTH

+ NMOS
21

Level Shifter
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VDD 120 \VDD|

119
—# 5.6u
1.4u

O_VCMm >

VDD

126
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i B |
21. 1
Hspice ,
Jib 'mmO18.1' tt
.temp -20 25 70
** power supplies
vdd vdd 0 1.8
vss vss 0 0
6 7 8
R0 Vo v (Vdc) @ Temperature () | Vo vem (Vdc) @ Temperature ()
-20 25 70 Ao >+70 -20 25 70 Ao >+70
0 0.517 | 0.503 | 0.489 | -0.028 | 1.199 | 1.193 | 1.191 | -0.008
100k | 0.513 | 0.499 | 0.485 -0.028 1.25 | 1.265 | 1.28 0.030
200k | 0.512 | 0.498 | 0.484 | -0.028 - - - -
6. 21 Ri20 Vo v
R20=0; M25=1.4/14 > 1.4/1.4
A% Vdc) @ Temperature
M4 WL o_vs (Vdc) @ Temp ()
-20 25 70 A0 >+70
5.2/1.4 0.496 0.479 0.461 -0.035
1.4/1.4 0.504 0.487 0.47 -0.034
1.4/12 0.513 0.499 0.484 -0.029
7. 21 M4 W/L Vo v
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A/ Vdc Temperature
M27 WIL o vB ( ) @ p ()
-20 25 70 Ao > +70
1.4/1.4 0.497 0.479 0.462 -0.035
1.4/3.4 0.511 0.499 0.487 -0.024
1.4/4.2 0.516 0.505 0.494 -0.022
1.4/14 0.547 0.545 0.542 -0.005
8. 21 M27W/L Vo s
3a Vo vB Ao > 470
22
:)20 VDD VDD
119
E T
ENRE

1.7u
1.4u

128

E
I
r

ﬁ[

14u

125

o [
VSS VSS
22.
0.
R0 M4 WL Vo vs (Vdc) @ Temperature ()
-20 25 70 Ao > +70

50k 0.588 | 0.569 0.55 -0.038
100k 0.572 | 0.553 | 0.534 -0.038
200k | 1.4/1.4] 0.557 | 0.538 | 0.519 -0.038
400k 0.544 | 0.525 | 0.507 -0.037
800k 0.533 | 0.515 | 0.498 -0.035
1600k | 1.4/1.4 | 0.525 | 0.508 | 0.492 -0.033
1.4/2.8 1 0.516 | 0.497 0.48 -0.036
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433 IC Corner Vbias
0.392~0.605 Vdc 0.35~0.65 Vdc ~ Trimming
10-bit Trimming

Voltage Accuracy= (0.65-0.35)/1024 0.3 mV/step
433 4.3.4 -20 +70

Fo  Vbias = (42-26)/(0.482-0.517)
-0.457 MHz/mV

Trimming Accuracy= [-0.457 x 0.3|  0.137 MHz/step.

Trimming Accuracy 36 MHz Fo
0.137/36 0.3 % =+/-0.15 %.

20 ~+70 2 MHz
Fo
2/36. 5.6 % =4/~ 2.8 %.

Fo
(+/- 0.15 %) + (+/- 2.8 %) = +/-2.95 %

3.6.2
Fo
+/-2.95 % High-Q
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