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Outline

Introduction

Inductor Library from Foundry
Customer Request on Inductor

EM Design Methodology for Inductor
m Results and Comparison

m Other Application using EMDM

m Conclusion
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On-Chip Spirals

w
Y
L

Spiral
Inductor
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ldeal Circular Inductor

Portl
RS

Metal 5

N=4.5

S+M+d

Metal 6

GND

Geometrical Paramete
Diameter

Number of Turn

Width of Trace

Space between Trace
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Inductor Equivalent Model

Port1l O_—\/W_IW\——O Port2

Cox1 : o

Csubl %Rsubl Rsub2 % —— Csub2

- Cox2
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Spiral in CMOS

m Sheet resistance of metal layer can be used only for
calculating the DC resistance of the spiral.

m Due to the skin effect, eddy current and “current

crowding”, the resistance of the spiral increases at
high frequency.

m Copper metal and thick top-level metal to improve the
maximum inductor Q.

m Multiple levels of metal strapped together to create a
spiral with a lower dc resistance.

m PGS: pattern ground shield reduce the substrate loss
m CMOS substrate losses still the limiting factor
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Outline

Inductor Library from Foundry
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Foundry’s Inductor Model and Library

m Empirical formula
m Direct measured inductor library
m Scalable model inductor library
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Empirical Formula
!: davg :!
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Empirical Formula

n . number of turns.
U . permeability of free space
davg: average diameter

I . percentage of the inductor area that is filled by
metal traces.

om
| = gez 9679, 0.178r +0.125t °

N C'

THE WORLD'S NO. 1 INDEPENDENT FOUNDRY UNC




Measured Inductor Library

m Library dimension factory
m Radius

m Number of turns
m \Width of Trace

m Square Spiral

m Circular Spiral

mind CltoiInd C20

mL:0.98 ~25(nH)

mQ: 16~ 3.6 (5.6GHz), 10 ~7 (2.4G)
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Scalable Inductance v.s. radius

Inductor interpolation by radius

<0 ! ! ! ! ! !
] B L B .
=] R AN S S A S B
: : : : : : -
: : : : : -
1 | A A A T A B
s s s s L
L e S - o
— E E i T i
L] R e = e I
- : : A ' !
- SO R S R A — SR .
s L
| U N U U SRR SR .
T
I SO R S A . B
4 Vi
=
E __________ O AN Lm e e oo T Lo e e oo - —
0 I | I | I |
20 A0 B0 a0 100 120 140 160
Hadiusium)
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Scalable Inductance v.s. turns

25 | | | | |
T
E\‘ 15_""'"""""""'"'""""""""'""""":_:;:_ """""""""""" ]
- .
-::': 1
=
o
= . . HE ' X
i 1] PR S IO, IOTTRTEAe O R .
-
5 ____________ :r': _________ Ir ___________ T~ =-=~======7-7% T~ =-=~=======7-7% T~ ~—~=~====°=7~7 i
- X
0 | | | | |
2 3 4 5 5 F a

Mumber of Turn
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Outline

Customer Request on Inductor
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Various Spiral
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Differential Spiral

-
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Balance Spiral
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More Inductor Lib?

m Shape: Square, Octagonal Inductor, Circular
Inductor

m Single end or Balance Inductor
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HOW tO support customer's innovative
iInductor design?

m Provide measured inductor library.
m Provide scalable Pcell library.

m \WWhy design engineer still need to struggle
through design test structure, measure data
and modeling than re_spin test structure,
measure data then calibrate the model
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UMC’s innovative Approach

m In addition to existed tested, scalable library
and model

m \We provide extra ----
m An “methodology” that include process
related information for EM software simulator,

then customer can design innovative inductor
with accuracy!

m Save prototype/test cycle time
® Reduce R&D cost
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Ansoft HFSS

m Current Version 9.0

m A true 3D Electromagnetic-Based Design
Tool

m Widely used in Package, Wave guide and
Antenna

m UMC is the first Foundry that provide the
methodology for using 3D EM design tool to
support RFIC design
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UMC’s New Approach (1)
- What i1s Our Purpose?

. Inductor Pool
-General Inductor Design
® With Si measurement data H B B B B B B
H B BB BN
»—e 0O0—0 O .- ]
i i i ]
) 3-D EM simulation data ; O OO0 656 m
S [] []
= - ——0O—0e—0O—0e—HnN
.+ O —— RF SPICE model % -: () () () () ()I -
]
. o . r—e—0O—60—0O—0 1
3-D EM simulation interpolation for S "B BR BE BN RR
parameter H B B B B B B

3-D EM simulation extrapolation for S

. parameter Parameter 1
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UMC’s New Approach (2)

- What is Our Purpose?
» Special Inductor Design

- m#)  3DEMsimulaon W) S-Parameter  |mmp Designer
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UMC’s New Approach (3)

Work Flow
O
O mh (O
O wafer O
UMC Process Fabrication
O
. I:PI:EI [l

_____ =ML 3-D EM Simulation

: Ansoft HESS

Circuit Simulation
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UIVIL' S NeW Approacn (4)
- What is Technology File?

; ] Passivation
& Thickness

L ~.ackness '\ [ Top Metal ]

[ m— ] -SiO, Thickness

M5 Thicknen= | | Second Top Metal |

—o— Si0, Thickness

NAN

b gg’ﬁ i

' e [ Silicon ]
Conductivity Thickness
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UMC’s New Approach (5)
- What is Technology File?

___Material Physic Param Source
>ubstrate T.K, Rs EDR, SEM
> T T.K, Dielectrics EDR, SEM
N11~6 T.K, Rs EDR, SEM
LD/IMD1~5 T.K, Dielectrics EDR, SEM
>assivation T.K, Dielectrics EDR, SEM

Note: This unique technology file has been proved by
comparing the simulation data with real Silicon measured
data.

UIVIC
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Ansoft HFSS: Spiral Inductor Macros

Spiral Name:

" Pound Spiral {* Sruare Spiral

Owerall Dimension: |3?4

Material Width: |16

Material Thickness: |4

Turn Spacing: |1|:|

The spiral can be created ih increments of 1/4 turns.

Mumber of Turns: |5

" Clockwize {¥ Counter-Clock

0K | Ca.ncell Help |
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EMDM Inductor Design Flow

Amzeli Oplimetrics "par_id ied readshow”

HETUR: sebupd hi | Podel Solutirns.  * COnUECgEnce |
fariahla Valug detup e tTuns Decal Iam dpirald Spical¥ Betferments | TotalThick 1 nH Zpdp L nH Spdg | 0 Value Zpdy| 0 Walue fplg| Semeitasts
Dipn=
ecTacns 3.5 =tpl | 1.5 1294 3 1] N 2 DLBETOAR 0, 653309 | . 0BG | 10. 5416 i
fueEalllis 1m t
apltals 2 =mop2 | 2.5 L5at al an gl ai 1. 302235 Li2aag! 7.524381 9.91424 b
Spicalll 10 aenpd
GeCiemeni e n T T 1
TocalThack 2 it ! s L AT e S e e Do e S L L L I 2 e 2 R ]
sonps | £E 225} o an 4, e 5. ERET E. 5017, 4.66663, 5. 176D

Only need to input design parameter:
N  Turns
W Width / , _
S  Spacing \
T TopMetal thickness s !

Then chose: Segments, Hextangle,
| Octangle, Circular

] l:l!'l::l.hitl::u’!ﬂ' thmi!ﬂd i En_p:,t:u;'.r. mad.znnz MsntL I:Otp-D-n:i.l’.l.uh_._._._._-_ A e e e __
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Operation Interface

FetTurns CrerallDim Spirals Spiralw Fetiecgqments | TotalThick L nH dpdg L nH Spdg
1.3 130 2 10 8 2 a a
1.3 130 2 13 B 2 o o
1.5 160 2 10 8 2 a a
1.3 160 2 13 8 2 a a
2.3 130 2 10 B Z o o
Z.5 150 2 15 8 2 a a
2.3 160 2 10 8 2 a a
Z.5 160 2 15 8 2 a a
3.3 130 2 10 8 2 a a
3.3 130 2 13 B 2 o o
3.5 160 2 10 8 2 a a
3.3 160 2 13 8 2 a a
4.5 150 2 10 8 2 a a
4.5 130 2 15 8 2 a a
4.3 160 2 10 B 2 o o
4.5 160 2 15 8 2 a a

m Itis friendly to user that just only key in inductor’s
parameter;Overall Dimension, Width, Spacing, Turns & Thickness

UIVIC
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Current Status

m Success develop an unique technology file to represent
UMC'’s process used in Ansoft HFSS EM simulation.

m Process: 0.18um Logic 1P6M process with 20KA and
30kA Al top thick Metal.

m Valid Freqguency Range: Simulation & Measurement
sweep frequency: 0.6GHz~20.6GHz
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Current Status

» For general Inductor design, both real Silicon
measurement data and 3-D simulation data are used In the
model extraction.

» Combining these two groups of raw data, we can extract
RF SPICE model with higher accuracy.

» The technology file used in here can be faithfully
represents Silicon process parameter.

» Based on the calibrated technology file, designers can
Implement novel idea, then obtain S-parameter for circuit
simulation.

THE WoRLD'S NO. 1 INDEPENDENT FOUNDRY



Outline

Results and Comparison
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MNCoUlto allu ViIoLUOSOSIVIL (1)
- Device Sampling

- Groupl=>

> Scale Number of
Turns

- Group2=>

> Scale Inner
Diameter

W(um) | S(um) | Turns [Inner-Diameter(um)| Thickness(KA)
6 2 1.5 126 20
6 2 1.5 238 20
10 2 1.5 85 20
10 2 2.5 85 20
10 2 3.5 85 20
10 2 4.5 85 20
10 2 5.5 85 20
15 2 3.5 85 20
15 2 3.5 150 20
15 2 3.5 230 20
20 2 4.5 236 20
20 2 5.5 236 20
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MNCoUlto allu ViIoLUOSOSIVIL \ &)
- - Inductor Simulation Profile

|
,_f_f’”f.fl_

.a—'-'_'-'_'-'-'_'-

. 3-D design environmefit, substrate effect can be included.
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MNCOoUllo allu UioLUOSOIUILT (V)

> Current flow @ 5.8GHz

THE WoRLD'S NO. 1 INDEPENDENT FOUNDRY



MCouUllto allu UiIoLUosSoSIVILL \“)

- ! "
/ ; L
T,

o

Mag of Electric field @ 5.8GHz Mag of I(/Iagn’étic field @ 5.8GHz
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MCoulito allu JioLvUoolUll \V)
- L/Q simulation&measurement

comparison

0.18-micro 1P6M Inductor N=5.5 comparison

Quality Factor
Inductance[nH]

0 1 10 100
Frequency[GHZz]

> Widthlepm, Spacing=2um, Di= 85um, Turns=5.5, AI=20KA

UVMIC
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Results and Discussion (7)
- L/Q comparison

0.18-micro 1P6M Inductor N=4.5 comparison

10 14
B N455sQ
— N4.5 M_Q
8 A N45s L 12
e N4.5_m_L
2 =
o\ > NS
> g
=2 6 o
8 o
0 4 =
) 2
-4 0
0 1 10 100
Frequency[GHZz]

> Width=10um, Spacing=2um, Di= 85um, Turns=4.5, AI=20KA

UVMIC
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Results and Discussion (8)
- L/Q comparison

0.18-micro 1P6M Inductor N=3.5 comparison

14 B N35s50Q | 8
N35 m Q
12 A N35sL {
N3.5 m L
10 T 6
S T
= 8 5 £
@ ‘T
L 3]
+>_'\ 6 i 4 %
= 3)
s 4 33
& =
2 12
0 1
) 0
0 1 10 100

Frequency[GHz]

> Width=10um, Spacing=2um, Di= 85um, Turns=3.5, AI=20KA

UVMIC

THE WoRLD'S NO. 1 INDEPENDENT FOUNDRY




Results and Discussion (9)
- L/Q comparison

0.18-micro 1P6M Inductor N=2.5 comparison

16 B N25s0Q 8
e N25 m Q
14 A N25s L 7
N25 m L
12 T 6
X T
210 | 15 =
© )
LL (@]
> 8 4 G
= O
<
s 6 NS
& =
4 1 2
2 11
0 0
0 1 10 100

Frequency[GHZ]

> Width=10um, Spacing=2um, Di= 85um, Turns=2.5, AI=20KA

UVMIC
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MNMCOoUIlo Allu UViIoULUUOSOIVUI
- L/Q comparison

0.18-micro 1P6M Inductor N=1.5 comparison

24 B N15s0Q
NL15 m Q

21 A N15s L
N15 m L

Quality Factor

0 1 10
Frequency[GHz]

100

R N Wb~ 01 O N

8

o

Inductance[nH]

\+Y)

> Width=10um, Spacing=2um, Di= 85um, Turns=1.5, AI=20KA
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Results and Discussion (11)
- Simulation & Measurement comparison

0.18-micro 1P6M Inductance/diff diameter
comparison

=
o

Inductance[nH]

B O R, N WMOGOOO N O ©

0 1 10 100
Frequency[GHZz]

> Fixed width=15um, spacing=2um, Turns=2.5 & Al=20KA,
variable Di: 85um, 150um and 230um

> Good agreement with inductance.
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MNCoUllo Allu JIoLUOSOSIVIL \L1L4g)
- Inductance & Q-value Comparison - (Casel)

0.18-micro 1P6M Inductor Casel comparison

14 Q_simulation 10
=Q_measuremen
12 [| A L_simulation t 9
10 | | —L_measurement 8
S 8 7 =
5 —
Vi * | 6 §
Z 4| 1° £
= (&)
0 - 3 7
2 | 1 2
-4 1
0 1 10 100
Frequency[GHZ] W:15um, S:2um, D:202um, N:2p5, AL:30K

> Simulation: Qmax = 10.35 @ 4GHz, Fsr=14.2GHz.
> Measurement: Qmax = 10.8 @ 3.8GHz, Fsr=14GHz.

THE WoRLD'S NO. 1 INDEPENDENT FOUNDRY



MCouUlto Adllu JIoLUOSOIUIT \(1V)
- Inductance & Q-value Comparison (Case?2)

0.18-micro 1P6M Inductor Case2 comparison

12 30
10 27
8 S i 24
5 6 e 21 I
% 4 I ] 18 ?
- =
22 15 &
S0 = 12 3
& 2
-2 9 =
¢ Q_simulation
-4 || —Q_measurement
A L _simulation
-6 — =L_measurement - 3
0 1 10 100

Frequency[GHZ] - W: 6um, S:2um, D:210um, N:5p5, AL:30K

> Simulation: Qmax = 8.57 @ 1.4GHz, Fsr=6.2GHz.
> Measurement: Qmax = 8.1 @ 1.4GHz, Fsr=6.4GHz.
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Results and Discussion (14)
- Deep-trench pattern--case3

> Use Deep-trench to reduce substrate loss.
> Deep-trench Side Cross Section.
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Results and Discussion (15)
- Deep-trench pattern--case3

0.18-micro 1P6M Inductor with Deeptrench

comparison
16 —— ﬂ 10
14 DT m_Q 9
12 A DTs L 8
DT _m L
AN A —
5 10 7 T
g 8 NNy
L 4 Q
> 6 5 3
= O
g 4 4 _g
N2 NE
0 2
-2 1
-4 0
0 1 10 100
Frequency[GHZ]
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Outline

Other Application using EMDM
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EMDM Flow

Virtuoso

UMC
Technology
File

Ansoft HFSS

with Optw

A 4 A 4

: atrix Parameters
Ansoft Designer S- Y-, Z- /

A 4

Results: /
Inductance =
A  Power

Quality Factor owerPlugin
SeIf—Resonanc7

etc
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AnsoftLink for Virtuoso
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Other Use of HFSS in IC design
= With UMC EMDM:

m Model extraction on Interconnection

m Cross Talk analysis in RF or High Speed Digital IC
m Capacitor: MIM, MOM (fringing)

m Package Modeling for the IC Design

m Internal Antenna Design

m EM analysis RFIC with PCB
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Outline

Conclusion
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Conclusion

m Customer’s success Is always our first goal

m The RF design support is enhanced by providing an

accurate, efficient methodology for inductor library
development.

m EMDM can be extended to use in much general high
frequency analysis base on the same unique tech file.

m Reduce develop cycle time and cost, customer can go into
production much faster.

m UMC Is always seeking a better, improved
service for our customer
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