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Abstract

In this article, a simplified equivalent circuit in a proposed closed form expression is combined with
a triangularity Q-curve (quality factor) design methodology (TQ) for spiral inductors to obtain automated
optimal design. At first, a closed-form expression is combined with a dual-port equivalent circuit model
that contains substrate electromagnetic coupling effect to describe the characteristics for TSMC 0.35 um
process to produce the spiral inductor. The O-curve triangularity characteristic relationship is to verify the
accuracy of the model. After comparison of simulated and measured values for S11, the total error and
the error for inductance value are lower than 0.71% and 7% respectively. In summary, the enumeration
method is used to design all structure to satisfy 1.5 nH and 3.0 nH and obtain the relationship between
Q-curve peak and triangularity characteristic, which is also used as the condition for optimal spiral
inductor. TQ design methodology obtains almost the same optimal structural characteristic as the
enumeration method, but only uses half the time. Furthermore, under the restriction of multiple
conditions based on physical principles, the design of spiral inductors can approach process limits and
optimal performance. TQ methodology will become an effective tool to accomplish SoC (System on a

chip) RF IC (radio frequency integrated circuit).
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L. Introduction

While pursuing the wireless communication market development, the use of low-cost and
high-performance CMOS (complementary metal oxide semiconductor) technology is the common
solution to create system on chip (SoC) technologies [1]. However, the progress of SoC radio frequency
(RF) integrated circuits (IC) is dependent on the design efficiency and automation of integrated spiral
inductors. In addition, to satisfy the requirement of an accurate inductance value is also a key point for
present design.

Spiral inductors are produced on silicon chips to meet the inductance requirement of RF IC. With the
assistance of electromagnetic simulation software, the design method [2] needs to calibrate the simulation
environment as well as geometrical dimensions to obtain a spiral inductor structure that can meet the
circuit requirements. This is a time-consuming and ineffective design method whereby the mass
production of a testkey inductor database is established [3]. This not only expensive but also fails to meet
circuit requirements. Developing closed form expressions for the physical structure of scalable silicon
spiral inductors to find a design method that meets requirements can be divided into two classes: one is
the equation developed on geometrical structural dimensions or based on the concepts of electromagnetic
physics, using a massive amount of testkeys to obtain empirical formula for curve fitting [4-5]; the other
is to use electromagnetic physics-based algorithms [6-9]. Although the empirical formula for curve fitting
has a very simple correlation that is suitable for automatic design applications, it has to use a massive
amount of curve fitting parameters and therefore it results in insufficient accuracy for calculations. The
algorithm proposed by Greenhouse in 1974 has sufficient accuracy and scalability. However, the

calculation process is too complicated and not suitable for automatic design.
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Abstract

AR, RHEUE BN (closed form expression) WL ERERIER | B ESIRES BN
O (quality factor) B4R = A4S BERET 5 7% 2 (triangularity O-curve design methodology, TQ) , B2 &
ELERCIREERN BB L. BAEABBHNMTN (closed-form expression)iE & B EEIK
E MBARENSESRERER  HARTSMC 0.35umBREEREERBIEE  BBoHKRE=A
EAEERREEENERE | LHERESAES1NERRE (total error) EEERENREH 2 Bl
R1R0.71% K 7%. =B LA 8% (enumeration)ZZ&TME 1.5 nH& 3.0 nHWFT B /& , B OMREIR
HEARBENEHRER  YEASEIREERSENREGYE, TQRFTEESRELFEEY
M SELF K BREBANL T —F , BNRBYERERN S BEREORY , T£S
RETHIRREERS I REBRER SENMER, ERNMA, TQEKKAERE R F (System on
a chip, SoC)5¥3E7& B8 & B& (radio frequency integrated circuit, RFIC)HI RIS,
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1. Introduction

HEEEEATSEEE  FRAKENSMAEE CMOS (complementary metal oxide semiconductor)
B, ARAREBERANBRAR]; A, ARESHHEERERNEREE , ZHR
TE B8 1L 12 1F T R (integrated spiral inductor)VERETIF . S MEBER FFHIZEE R EHBLERFTH
B OHARRERFNREMSRIEZHEENRN , MTREEREROERREZN ; @K,
BEERERAERBRCRERRE , FRERINERZ—.

EWEA LREREHEAREERERBENERER , EBEMERNBIHHNETHR
2], RTEEREERRE U4 E—BiFAREMARYT , LEHREERERNBRERLESE |
HRERXTENBNRET L FAABIHABREUNEYERTHERES], RTMETE
S BB EEERREER 2ER ; BEUFE N (scalable) W E R ERN Y EFE BN ERAVE
WX, UEBREERNFE IR, ROER-KE  —RULTHEBRIIREREHYES
SHBERMNARER , BB KE B & (testkeys) & B S MY (curve fitting) K8 B 75 #2 X (empirical
formula) [4-5] ; 5 — =B A EHYIIE A E B EE £ (physics-based algorithms) [6-9], H A SR

RAEAERFEHRANERN K BSEHDRFHNER , CALASIRAEBRESSH  BEFE

MERETE ; M Greenhouse@1974 RHAVEE EZHRERE R FIHEMENZH , B EBRE

BRE , W ERARBBLRE
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