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Abstract  

 Designers often use low value resistors for either 

emitter or base ballasting.   Constant pressure to reduce 

die size means we would like the most compact solution as 

possible.  In this work, we demonstrate low value 

interdigitated or “comb” resistors and present a simple 

model for them.   A key feature of the model was 

determining the resistive contribution of the chamfered 

corners.  These resistors also demonstrate significant 

improvement in variation compared to semiconductor 

resistors normally used in designs. 

 

INTRODUCTION  

 

 Interdigitated, or comb, shaped electrodes are often used 

in sensor applications [1] or as yield monitors [2] but are not 

often observed as resistors in integrated circuit processes.  

Comb structures are particularly useful for “folding” a low 

value ballast resistor so that it fits in the same width at the 

accompanying HBT, as shown in Fig. 1.  We first provide the 

motivation of why combs fabricated from the available thin-

film resistor make sense.  We then develop a simple compact 

model for these resistors and compare them to “designer 
guestimates.”  The initial model was based on simulations to 

determine the value of the resistor “corners.”   Last, we 

compare this model to measured data and good agreement 

was found.    

 

 

     TABLE  I  

COMPARISON OF VARIOUS RESISTORS 

 

Description W/ 2 Ohm W/ 1 Ohm 

TFR (50 Ohm/sq) 43/7 85/7 

COL (9 Ohm/sq) 50/32 98/32 

COL (5.5 Ohm/sq) 29/58 55/58 

COL (17 Ohm/sq) 62/25 122/24 

Table 1   Comparison of resistor width and variation for 

straight resistors for thin-film and several sub-collector 

designs for 1 Ohm and 2 Ohm resistors. 

 

 

 

 

RESISTOR DESIGN CONSIDERATIONS 

 

 In this section, we outline the advantages of comb resistors 

compared to standard resistors or resistors fabricated from the 
sub-collector layer. 

 

 Let’s first compare 1 Ohm comb and standard resistors.   

The folded structure is only 35um wide while the straight 

device is 87um wide, as highlighted in Fig. 2.   Until a value 

of just over 2 Ohms, the comb resistor has a smaller footprint.  

Great, so why not just put the resistors in parallel?   Using 

electromagnetic (EM) simulation, the equivalent size 

“parallel” resistor has a 20% higher resistance, meaning a size 

increase to match the comb resistor value. 

 
 The next question is, “why not use the lower sheet 

resistance sub-collector?”  Table I compares the unfolded 

TFR to three different sub-collector resistors (calculated using 

a model from [3]).  Only the 5.5 Ohm/sq case gives a smaller 

resistor, at the expense of an 800% increase in variation!  

 
Fig. 1. Showing a “comb” shaped ballast resistor with 

the accompanying HBT unit cell 

HBT

Dimension
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These two considerations justify the development of comb 

resistors using the TFR layer. 

 

 

 
 

COMB RESISTOR MODEL DEVELOPMENT 

      

         The reason for developing a compact model for these 

structures is to give designers a more accurate and repeatable 

calculation of the resistor value.   A typical designer might 

make the estimation for the resistor using the equivalent  

width, Weff, of the resistor (the black center line in Fig. 2).  
This method results in a systematic under prediction (by at 

least 10%) of the ballast resistor value as shown in Fig. 3. 

Compared to model we develop here which is at worst 5%.     

 

        Other work has shown models for interdigitated 

resistors, but those solutions do not include the chamfered 

corner (used to get a low target resistance) do not provide 

analytical solutions (required numerical solutions)[4].  Most 

all of the sensor applications assume a high resistance 

between the electrodes.   

   

       The layout for the comb resistor is shown in Fig. 4.  From 
this drawing, we define various portions for a resistor model.   

For no corners, the resistor components are: 

 

                              

                                   

                                    
 

where the Rbody is the resistance of the vertical segments, RTB 

is the top/bottom contribution, and Rends is the end resistance 
contribution.  S, L, Wm, and Wend are defined in the figure.  R 

is the sheet resistance and N is the number of segments.  

Rno,corner is the sum of these resistors in parallel.  Note that this 

“no corner” configuration is equivalent to using regular 

resistors in parallel. 

 

 
 

 The next step is to determine how many squares the 

corners (in this case, chamfered) contribute.   The results of 

EM simulation, Table 2, show that the chamfer contributes 2 

squares.  As a further check, we validated the 2 square value 

by simulating a resistor network using ADS and found a value 

of 2.04 for chamfered corner and 2.225 for a rectangular 

corner.  This confirmed that the 2 square per corner 

contribution is reasonable.    
 

 Knowing the contribution of the corners, we now have a 

complete equation for the resistor using the formula below 

with the earlier component resistances equation where NC is 

the number of corners 

 

       

 

                        
 

Where 

 

 
 

and Rcorner=2 

 

 In Fig. 5 we compare measured and modeled data for a set 

of resistors.  The process bias corrected model and 

uncorrected calculations are shown.  The values of S and Wm 

were corrected for process bias (resistor dL) using additional 

PCM data.  This plot highlights the importance to model what 
was fabricated on the wafer.   The agreement is very good, 

especially for smaller value resistors (less than 1.5 Ohm), with 

error less than 7% after correction.  As shown earlier, this 

represents a significant improvement over a simple width 

based estimate.    

 
Fig. 2.  “Folded” or Comb resistor compared to linear 

resistor of the same value (approximated 1 Ohm).  The 
black trace on the comb is the center line measures 

117m.  The comb shown here has the same width as the 

one shown in Fig. 1 
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Fig. 3.  This figure shows a comparison of the typical 

estimate a designer might make, based on the effective 

resistor width (Weff), compare to the full model (Biased) 
developed later.  The designer estimate is, at best, at least 

10% off from the measured resistance 
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R² = 0.9966
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R² = 0.9996
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TABLE  2 

EM SIMULATION RESULTS FOR COMB RESISTORS 
 

Name Rsim Rsim 

No Corners 
□/Corner 

R2_8p3 8.26 9.91 1.99 

R2p4_12p3 7.35 8.64 1.96 

R2p4_12p3_12 0.62 0.73 2.00 

R2p4_12p3_4 1.86 2.18 2 

R2p4_4p3 13.66 19.21 1.89 

R2p4_4p3_12 1.15 1.60 1.92 

R2p4_4p3_4 3.43 4.81 1.92 

R2_8p3_8 1.04 1.25 1.99 

Table 2   Simulation results for different resistor layouts with 
and without corners.  The extracted value of a square is shown 

in the last column. 

 

 Since these resistors can be in a high current path (the 

emitter) we wanted to explore the differences between thick 

vs. thin metal electrodes and the model prediction since 

different processes have different options and designers may 

prefer one option versus another in various situations.  

Comparing calculated and measured resistance in Fig. 6,  

thick metal gave a fit with slope of 1.01 and an intercept of -

0.5 (Rsq=0.9995) while the thin metal gave 0.94 with an -0.08  
intercept (Rsq=0.995).  This indicates that some refinement to 

the model is needed to account for the metal resistance if a 

thick metal is not available.   

 

 As part of the motivation for these resistors, we earlier 

showed significantly better variation.   An important part of  

 

 

adding any device to a technology is making sure the variation 
can be monitored.  It is always preferable if this variation can 

be tied to an existing PCM.  We compared the “1 Ohm” 

resistor variability to the transfer length, the electrode width, 

and, the dL[3] in Figure 7 to evaluate the correlation to 

existing PCM parameters.  As shown, the 1 Ohm resistor 

variation tracks the resistor dL (correlation of 0.76) so this is 

adequate to monitor the variation. 

 

CONCLUSIONS 

  

 We have demonstrated comb resistors that are suitable for 

use as low value resistors.   The comb resistors are a better 
choice than other resistors in the process for low value 

resistors with less variation.  We also developed a simple 

model for the comb resistor that gave good agreement with 

measured data.  Some refinements to the model may be 

required for higher resistance electrode metals. 

 

 
Fig. 4.  Comb resistor with chamfered segments.  S is 

the segment “width”, Wm is the metal width between 

segments, L is the “length” of the electrode finger, and 

Wend is the width of the end resistor. 
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Fig. 5.  Measured data compare to the simple model.  

Grey circles are the model without feature bias 

correction.  The black solid boxes are corrected for bias.  

Without correction, the error is >15% (off-scale) and 

with the bias correction (black open boxes) all error is < 

7% 
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Fig. 6.  Comparison of thick and thin metal electrodes 

for comb resistors.  The thick metal is predicted slightly 

better than the thin metal.  This may indicate loss in the 

metal feed should be considered in thin metal process 

model. 
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ACRONYMS 

 

HBT- heterojunction bipolar transistor 

EM – electro-magnetic 

TFR – thin film resistor 
PCM – process control monitor 

RLWB – resistive linewidth bias 

 
Fig. 7.  Showing the correlation of a “1 Ohm” resistor 

(Measured Comb) variation to the Transfer Length, 

(0.71), the electrode width bias, M0 RLWB (-0.54), and 

the Resistor dL (0.76).  The correlation to dL is best. 
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