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Abstract—This paper presents a new deembedding method range. So, a new method called Thru-Load de-emhgddi
for transmission lines at millimeter waves and beyed in silicon which is a simplification from Half-Thru de-embeddi

integrated technology. The proposed method is cate“Thru- method is proposed and analysed [2], [6].
Load” de-embedding which is a simplification from “Half-Thru”
de-embedding. In this method the pad or pad interamnects Il. THRU-LOAD DE-EMBEDDING

parasitics are modeled into a simple “Half-Thru”. The simulated

and measurement results are presented for the falrated S- A. Theory
CPW transmission line as device under test in Bi-C®S 55 nm Thru-Load de-embedding is uses a measufacu de-
technology. embedding structure instead of the tlismes to calculate the

Thru [6]. The measurement model of the S-CPW transomssi
line as device under test (DUT) to perform the Thoad de-
embedding is shown in Fig. 1.

Keywords—De-embedding; millimeter wave; charactatian;
integrated circuits; S-CPW transmission line.

|. INTRODUCTION

RF/Microwave industries and researchers are dewejop
millimeter wave applications in each and every diomsuch
as telecommunications (57-66 GHz), automotive r¢@dér81
GHz), imaging (around 140 GHz, 220 GHz, ...), etdhe
development of silicon technologies promises many o W ouTisow T sw e
advantages such as low manufacturing cost, a higigriation Hara N b
density and low power consumption for integratediaks at
millimeter wave and beyond. To ensure the besopadnce,
these devices have to be measured and charactbefme its
implementation on the circuits or systems [1].

Fig. 1. Measurement model of S-CPW as DUT

In Thru-Load de-embedding method, the parasitios ar
- ) ] modeled in to single error box named as “Half-ThrWe
Generally, the silicon based devices are charaeron-  recommend using accesslines to connect the DUTgdod
Wafler W'"_I]_hthg help of lp(rjobedj'ttgtlonl andai\lt/?th:Irwwmkd electromagnetic continuity in front of the DUT. Bgnsidering
analyser. fhe devices include addiional parasitas (€ pad .o yansfer functions of th@hru and Load de-embedding
and interconnecting lines that are used to connatt the . -
structures, we can obtain the Half-Thru. The oletdin

device. These additional parasitics affects thegimai . .
characteristics of the devices, thus it shouldwsracted from ~ Scattering parameters of the Half-Thru can be evitis,

the measured results to get the intrinsic charatitey of the

device. This process of mathematically removingutheanted 6. = S111 = S217- Tioaa = S11r (1)
parasitic effects is called “De-embedding” [2]. Hower we 2=
can obtain a good calibration until the probe tiptng LRRM

SllL- rLoad - SllT' rLaad - SZlT

(Line-Reflect-Reflect-Match) method [3]. After tloalibration

a de-embedding step should be performed. S31 =512 = /521T' (1-53,) @)
Currently, there are different de-embedding methods

available from few “GHz” to about 170 GHz. Howevenly S11 = S117 — So17- S22 ?3)

few methods are analyzed and work beyond or _aimeitbr
wave band [1]-[6]. All these methods are limited tiwe The L’ and ‘T in the equations indicate the knoviwad

frequency range or accuracy of the de-embeddinevi®ts  ang measuredhru. It is important to use a load value which is
studies show TRL is the best method that worksififimeter  jitarant from thez, of the padfinterconnecting line to

wave [4]. However, TRL need to know the value of .
characteristic impedance of thiee(s) de-embedding structure determlne“the HaIf-;I' hru. l_-ler(_a we use figqq of .1OOQ
to set the reference plane as well as it is baniddl according loaded at “Half-Thru”, considering tf&of the accessline that

to the |ength of the |ine’ which covers 0n|y 1:8lod frequency is 50Q. The load value should be known to determine the
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Half-Thru. Here we use the open de-embedding metbod
extract the load value by consideringad as DUT. The
method uses onlydpen” de-embedding structure. The load
value can be extracted by using the following eignat
Zioad = (YDUT measure — YOpen)_l (4)
Where,Ypyr measure IS the admittance matrix of thieoad
DUT measured with the pad parasitics amq)en is the
measureapen de-embedding structure.

Ill. SIMULTION AND MEASYREDRESULTS

The S-CPW transmission line withof 50Q and the all the
de-embedding structures are in Bi-CMOS 55 nm telcigyo
The measurements are performed until 150 GHz \wighhielp
of probe station and VNA at IMEP-LAHC. The de-emtied
results are presented in the Fig. 2 and Fig. 3ctaely.
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Fig. 3. Attenuation coefficientf vs Frequency

The characteristic impedand@,.) and the attenuation

coefficient ¢) are compared for Half-Thru de-embedding and

simulated S-CPW line using Ansys HFSS v15. Howé&wRL

needed the line impedance to set the referencet,poin

considering DUT itself is a transmission line. kidéion, the
previous results show that the Half-Thru de-embesgidind
Thru-Load de-embedding are comparable with TRL IjIf-
Thru de-embedding and Thru-Load de-embedding sheny v
good agreement with the simulated S-CPW transnmiséie
until 150 GHz forZ.. However thea of S-CPW shows an
excessive losses beyond 60 GHz. This is due totiauali
propagation happening with the adjacent cells éwtiafer (see
Fig. 4) and measurement probes which is explaimseédon a
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realistic EM simulation model in [2]. Considerirfgd is an on-
wafer measurement problem orfly is used to explain the
accuracy.

In conclusion, the method has very good accuracgime
it does not have any approximations and unknowarpaters.
In addition, the method is less costly (less numbke-
embedding structures) for the wide band, which igreat
advantage over other methods. Compared to TRIkéstanly
half of the place, considering thine(s) de-embedding
structures not required, which reduces more thaf 6@ area.
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Fig. 4. Fabricated S-CPW DUT with adjacent cells

IV. CONCLUSION AND PERSPECTIVE

A new de-embedding called Thru-Load de-embedding
method is presented with promising results at méter wave
in Bi-CMOS 55 nm silicon technology. The simulatedd
measured results are explained by considering S-CPW
transmission line as DUT until 150 GHz. Thru-Load- d
embedding has very good accuracy with no-unknown
parameters, no band limitations and less numberdef
embedding structures which eventually reduces th& by
more than 50%.
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