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Abstract  —  A shunt characterization method is proposed to 

characterize a very low impedance transmission line (TL), which 
is used for decoupling of DC and RF in millimeter-wave CMOS 
circuits. Since metal-insulator-metal (MIM) capacitors are used 

to achieve very low impedance the TL named as MIM TL. Two 
structures are used for this method. S-parameters of MIM TL 
are calculated using reflections. The results match better than 

direct measurement method from 1 to 110 GHz.  
Index Terms — CMOS, decoupling, device characterization, 

metal-insulator-metal, mm-wave, transmission line. 

I.  INTRODUCTION 

CMOS millimeter-wave research still preserves its 

importance due to capabilities of several Gb/s high-data-rate 

communications, low cost, and monolithic implementation 

with analog and digital circuitry [1]-[3]. A successful 

implementation of such a high-data-rate transceiver, first of all, 

requires accurate active and passive device models. Process 

design kits (PDKs) from foundries have very accurate models 

up to around 20 GHz. Thus for low frequency analog circuits 

and digital circuits PDK models can be used. Unfortunately, 

this is not the case for millimeter-wave circuits. For this 

frequency region, the active and passive components to be 

used in the system have to be characterized and modeled 

beforehand of the circuit design phase. Hence characterization 

of devices is the first important step for millimeter-wave 

circuit design. To provide an example, Fig. 1 illustrates a 

simple common-source amplifier. One can observe the input 

and output matching blocks of this amplifier. In general, for 

millimeter-wave amplifiers these blocks include transmission 

lines (TLs), tee-junctions, and bends. DC cut capacitors and 

bias resistors are used for transistor biasing. A common way 

to decouple DC and RF is to use lumped-constant components 

like inductors and capacitors. However, at these high 

frequencies these components on silicon cannot be considered 

as lumped anymore. Hence the simulation accuracy decreases 

considerable, which affects the overall performance of the 

circuits. Instead of lumped-constant components, a TL with 

very low characteristic impedance (around 1-3Ω) can be used, 

assuring the design accuracy [1]-[3]. In order to decrease the 

characteristic impedance for this decoupling TL, metal-

insulator-metal (MIM) capacitors are used in this structure, 

and for that reason this TL is referred as MIM TL and can be 

observed in Fig. 1. There are several advantages of MIM TL. 

First of all, it can be characterized as per-unit-length like a 

normal TL and hence scalable. Moreover, MIM TL decreases 

the effects caused by DC feed networks unknown responses at 

millimeter-wave frequencies. However, the characterization of 

this structure is a hard task owing to its very low characteristic 

impedance when measured in a 50Ω system [4]. In this paper, 

for the above presented reasons, a shunt characterization 

method is presented for MIM TL.  

 

Fig. 1. Representation of a simple common-source amplifier with 
input and output matching blocks, DC cut capacitor, bias resistor, TL, 
and MIM TL used for decoupling of RF and DC. 

II. MIM TL AND CHARACTERIZATION STRUCTURES 

Fig. 2 illustrates metal layers of MIM TL, briefly. The top 

metal layer width is adjusted to 12 μm (in a normal TL the 

width is 2.5 μm to have around 50Ω characteristic impedance) 

to decrease the inductive component of TL. To increase the 

capacitive component of the TL, several methods are used; 

such as, the space between the signal line and grounds 

adjusted to 2.5 μm, the metal layer below top metal adjusted 

such that parallel plate capacitances are formed (gray areas in 

Fig. 2), and MIM capacitors are included below this metal 

layer (blue areas seen in the cross-sectional view). 

Additionally, 4 metal layers are adjusted below this parallel 

plate capacitance with many finger capacitances and 

connected with each other using vias and connected to signal 

line (below the red circle in Fig. 2). With these methods the 

characteristic impedance of MIM TL decreased as low as 

around 1-3Ω. However, as mentioned above, this structure is 

hard to characterize using direct measurements (Fig. 3(c)) 

considering accuracy. For that reason, two characterization 

structures are proposed as in Fig. 3(a), (b). The MIM TLs are 

connected in shunt configuration in these two structures. In 

both structures symmetric parts of the tee-junctions are 

connected to probing pads with 40 μm TLs. In Fig. 3(a), third 



port of tee-junction is terminated with a 10 μm TL followed 

with a 40 μm MIM TL. The other end of the MIM TL left 

open circuited. In the other characterization structure (Fig. 

3(b)), third port of tee-junction is terminated with two 

repeated structures of the first one. These two structures are 

used for characterization of MIM TL, and described in detail 

in the next section. 

 

Fig. 2. Illustration of metal layers for MIM TL 

 

 (a) (b) 
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Fig. 3. Shunt characterization structures for MIM TL (a) one 40 
μm MIM TL shunt connected, (b) two 40 μm MIM TL shunt 
connected with 10 μm normal TL interconnected, and (c) 
conventional characterization structure.  

III. METHOD AND MEASUREMENT RESULTS 

The first step of characterization is the de-embedding of the 

probing pads and 40 μm TLs connected between pads and tee-

junctions for the two structures from both sides. The de-

embedding method used for this work is L-2L method owing 

to its accuracy [5], [6]. In [6], different de-embedding methods 

are used to characterize the pads, TLs, and other elements, and 

their effects are observed on a 4-stage power amplifier. 

According to results the L-2L de-embedding method gives the 

most accurate results. Same method is used to characterize the 

pads and TLs. Thus, pads and 40 μm TLs are de-embedded 

from both sides of structures (Fig. 3(a), (b)). The remaining 

structures are provided in Fig. 4(a) and (b), respectively. MIM 

TL is assumed to be symmetrical and reciprocal as presented 

in (1). To characterize MIM TL one can find the S-parameters 

with the following method. The common structure in Fig. 4(a) 

and (b) is 10 μm TL connected to the third port of tee-junction 

as can be observed in Fig. 5. Note that tee-junction is 

characterized beforehand up to 110 GHz. This overall 

structure presented in Fig. 5 has an S-parameter response as 

presented in (2). Note that the structure is symmetric for ports 

1 and 2. All parameters in this structure are known beforehand. 

When this three port structure is terminated with a device 

having reflection coefficient of Г, the two port S-parameter 

matrix can be represented as in (3). The reflection coefficient 

of MIM TL when one end is open circuited can be calculated 

as in (4) using the terms in (1). The two port S-parameters of 

Fig. 4(a) is provided in (5). ГMIM can be calculated using (5) as 

given in (6). Similarly, Г2 can be calculated from the results of 

Fig. 4(b) and presented in (7). 

  

(a) (b) 

Fig. 4. De-embedded structures for MIM TL from Fig. 3(a) and 
(b), accordingly. 

 

Fig. 5. Port definition of Tee-junction with 10 μm TL connected. 
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We can also relate Г2 to MIM TL S-parameters and Г1 as in 

the following equation and can be observed in Fig. 4(b). 

Moreover, Г1 can be found by terminating a 10 μm TL with 

ГMIM, and this calculation is shown in (9). 
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The only remaining steps are to calculate S-parameters of 

MIM TL. SMIMTL11 can be calculated as in (10). After SMIMTL11 

is calculated, using (4) SMIMTL21 can also be calculated as 

presented in (11). 
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The structures are fabricated in 65 nm standard CMOS 

process. The manufactured structures can be observed in Fig. 

6. S-parameters of 40 μm length MIM TL are found using the 

proposed method and compared with conventionally found 

(Fig. 3(c)) results in Fig. 7(a) and (b), respectively for return 

loss and insertion loss from 1 to 110 GHz. In order to verify 

the calculated MIM TL response, the structures in Fig. 3(a), 

(b) are reconstructed using models of TLs, tee-junctions, and 

MIM TL results of calculated with conventional and proposed 

method. They are compared with measurement results and 

presented in Fig. 8. Black lines represent measurement results, 

red lines represent model results with proposed method, and 

blue lines represent model results with conventional method. 

Fig. 8(a) gives the comparison of return losses of model and 

measurements results of the structure in Fig. 3(a), similarly 

Fig. 8(b) presents the insertion loss comparison of the same 

structure. Accordingly, Fig. 8(c) and (d) gives the return loss 

and insertion loss comparisons of Fig. 3(b). One can observe 

that the calculated model results match better than the 

conventional method up to 110 GHz. The difference between 

two cases at the end of frequency band caused from tee-

junction model accuracy.  

  

(a) (b) 

Fig. 6. Chip micrograph of Fig. 3(a) and (b). 

IV. CONCLUSION 

MIM TL, which has very low characteristic impedance, is 

characterized using shunt connected structures. Two structures 

are used for the calculation of MIM TL S-parameter response. 

The comparisons of proposed and conventional method, and 

measured structures show that proposed method has better 

agreement from 1 to 110 GHz with measurement results. 
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  (a) (b) 

Fig. 7. Calculated S-parameter response comparison of 40 μm 
MIM TL from 1 to 110 GHz with proposed method and conventional 
(Fig. 3(c)) method (a) S11, and (b) S21. 
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  (c) (d) 

Fig. 8. Comparison between proposed model, conventional model 
and measurement results (black lines for measurement result, red 
lines for proposed model results, and blue lines for conventional 
model results) from 1 to 110 GHz (a) S11 of Fig. 3(a), (b) S21 of Fig. 
3(a), (c) S11 of Fig. 3(b), and (d) S21 of Fig. 3(b).  
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