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I. INTRODUCTION of inductors, which have similar inductance value. The area
Importance of design and implementation of on-chip iref snake inductor is less than 1/20 of the conventional on-chip

ductor is increasing in Si RF CMOS circuit, because thePiral inductor and solenoid inductor using MEMS.

performance of passive components directly affect the circuit

performance and chip cost. The on-chip inductor has been IIl. RESULT AND DISCUSSION

used as matching network component, baluns, inductive load;Two types of snake inductor have been designed and

and so on. The requirements for on-chip inductor are (1) fabricated using 0.1&m 5-metal layer CMOS process. The

have an appropriate inductance value, (2) high self-resonafioe width w and spaces are 5um and 1um, respectively.

frequency, (3) high-quality facto€), and (4) small area on The lengthD are 27Qum for inductor A and 42@m for

Si wafer. In this paper, we propose a novel ultra small ar@gaductor B. The plane view device alBxW are 27Qqum

inductor on Si CMOS chip. x 11pm and 42Qum x 11pm. The characteristics of snake
Figure 1 shows the conventional on-chip inductors. Thaductor are measured by a vector network analyzer (Agilent

inductance is substantially determined by the self inductan820ES) using GSG probe heads (Cascade). Figure 4 shows

of each turn and mutual inductance among each turn. In thieotomicrograph of test structure. For de-embedding of probe

spiral inductor (Fig. 1(a)), large device arealok W ~(sveral pads, the open and short pad structures are used. Figures 5

hudred um)? is required for several nH, which is used inrand 6 show measured inductanteand quality factorQ as

GHz application. Furthermore, the Si substrate loss degpadefunctions of frequencyL of inductor A is 1.46 nH at 10 GHz,

so that the substrate engineering such as counter doping and L of inductor B is 2.09 nH at 5.25 GHZ. of inductor A

ground shield technology [1] has been employed. For meandersmaller than that of B because the total self and positive

(Fig. 1(b)) and solenoid (Fig. 1(c)) inductors also require mutual inductance of inductor A is smaller than that of B.

relatively large area because of their small positive mutu@ of inductor A is 1.76 at 10 GHz, an@ of inductor B is

inductance, e.g.D = 1600um and W = 68um is required 1.13 at 5.25 GHz. The self-resonance frequency is 18.5 GHz in

for several nH solenoid inductor, which was fabricated usirigductor A and 11.1 GHz in inductor &) and self-resonance

MEMS technology [2][3]. frequency of the inductor B are smaller than those of inductor
For improvement of(), several approaches have been ré& due to difference of the parasitic capacitance between

ported; use of multilevel interconnect structure [4], use @fdjacent conductors and substrate loss. The self-resonance

surface MEMS technology [2][3], use of redistributed layerSequency of inductors are larger than 10 GHz.

[5]. However, the area of inductor is very large of several-

hundredzm square; the RF circuit suffers from the area IV. CONCLUSIONS

penalty of large inductance area. For example, in the matchinqu have proposed a novel “snake inductor’ on a Si CMOS
network application, small area size is required instead of hi Hip, whose inductance is of nH-order for GHz applications.

Q. The snake type inductor proposed in this work features iﬁﬁe device area is less than 1/20 of conventional on-chip

small size with small effect of Si substrate loss. inductors. The measured inductance is 1.46 nH and 2.09 nH.
The quality factor is 1.76 and 1.13 respectively. The proposed
Il. STRUCTURE OFSNAKE INDUCTOR inductor is suitable for the on-chip matching network, where

Figure 2 shows a schematic structure of the proposed “sndRe small area is required.
inductor”, which is a solenoid-like inductor using upper and
lower metal layers of multilevel interconnect. The structural REFERENCES
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Fig. 1. Conventional on-chip inductors. (a) Spiral (b) Meander (c) Solenoid

Inductor A : 270um (D) X 11um (W)
% D Inductor B : 420um (D) x 11um ()
. D=270um

Fig. 2. Schematic structure of snake inductor.

M5:0.95 pm
Via4:1.1 pm
M4:0.95 um
Via3:0.9 um
M3:0.65 pm
Via2:0.9 um
M2:0.65 um
Via1:0.9 um
M1:0.65 um
M1-Si:0.8 um

Fig. 3. Schematic cross section of multi-level interconnect structure.

TABLE |
COMPARISON OF INDUCTORS
Spiral Solenoid This Work | This Work
[6] (MEMS) [3] (A) (B)
FIGHZ] 31 24 10.0 5.25
T [nH] 2.24 2.67 1.46 2.09
Q 12 16.7 1.76 113 Fig. 4. Photomicrograph of test structure. (a) DUT with pad. (b)
Area [un?] | 300x300 1600% 68 270x11 420x 11 Open pad. (c) Short pad.
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