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C_pin

• Package capacitance for a specific signal [Pin]

• Typically from diagonal elements of the capacitance 
matrix – extracted from 3D field solvers
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Measured Capacitance

• Diagonal of matrix is total capacitance seen by each line with all 
other lines grounded

‣ Fully-loaded capacitance is useful for single line simulations

• Measured capacitance is less than fully-loaded capacitance

‣ Signal is referenced to power and ground (pwr/gnd decoupled)

‣ All other signal lines are floating
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Why is this important?

• C_comp calculation and Model correlation

‣ C_comp = C_signal(measured) – C_pin(measured)

‣ C_pin ≠ C_pin(measured)

• Datasheet comparisons

‣ Cspecification is based on measured values, not total capacitance

‣ Estimating measured values from package simulation data aids 
in optimizing package designs to meet capacitance specifications
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C_pin (measured) vs. Fully-loaded Cap
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Calculating C_pin(measured)

• The matrix form of the capacitance equation is [Q] = [C] * [V]

• For a 2x2 system, the C matrix is :
| Ct1 -C12 |

| -C12 Ct2 |

• Ct1 = C1 + C12 and Ct2 = C2 + C12
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Calculating C_pin(measured)

• Deposit a charge of Q on Node 1
| Ct1 -C12 |   * | V1 |   =  | Q |

| -C12 Ct2 |   * | V2 |   =  | 0 |

• Ct1 * V1 – C12 * V2 = Q

• -C12 * V1 + Ct2 * V2 = 0,  V2 = C12/Ct2 * V1

• (Ct1  - C12^2/Ct2) * V1 = Q

• Cnode1 = Q/V1 = (Ct1  - C12^2/Ct2)

• In matrix form, let Q = 1 coulomb
| V1 |   =  Inv (| Ct1 -C12 |) * | 1 |

| V2 |   =  Inv (| -C12 Ct2 |) * | 0 |

• This yields V1 and V2 and Cnode1 = 1/V1, since Q = 1



© 2010 Micron Technology, Inc.  | 8November 2010

Calculating C_pin(measured)

• Let Node 2 be grounded - this forces V2 = 0 and allows a net 
negative charge on Node 2

| Ct1 -C12 |   * | V1 |   =  | 1 |

| -C12 Ct2 |   * |  0  |   =  | Q |

• 1: Ct1 * V1 – C12 * 0 = 1 , V1 = 1/Ct1

• 2: -C12 * V1 + Ct2 * 0 = Q, Q = - C12/Ct1

• The only value of interest is V1, only equation 1 is needed.   This is 
the same as eliminating the 2nd row of the [C] matrix.  

• V2 = 0, so all of the terms in the 2nd column will multiply to 0.  This 
eliminates the 2nd column of [C].  

• The matrix equation reduces to | Ct1 | * | V1 | = | 1 |
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Calculating C_pin(measured)

• Generalized: Let [ C ] be an n+m x n+m matrix representing n 
floating nodes and m nodes clamped to power or ground.

• Step 1 – eliminate the rows and columns associated with clamped 
nodes.

‣ [C] -> [C’], where [C’] is an n x n matrix.

‣ |C’| = |Reduction Matrix2| * |C| * |Reduction Matrix1|

‣ If net i is clamped then row i of Reduction Matrix1 is all 0s

‣ If net i is floating then row i of Reduction Matrix1 is all 0s with a 1 in column x 

x = i - # of clamped nets between net 1 and net i

‣ If net i is clamped then column i of Reduction Matrix2 is all 0s

‣ If net i is floating then column i of Reduction Matrix2 is all 0s with a 1 in row x

x = i - # of clamped nets between net 1 and net i
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Calculating C_pin(measured)

• Step 2 – Generate Q matrix – n x n identity matrix 

‣ Represents a 1 coulomb charge deposited on each floating node, one at 
a time.  

• Step 3 – solve for [V] matrix

‣ [V] = inv([C’]) * [Q], where [Q] is identity matrix

• Step 4 – Calculate floating node capacitances

‣ Cnode(x) = 1/Vxx,  where Vxx are the diagonal elements of [V]

• Overall effect is mutual capacitances are reduced due to 
shorting of the mutual terms to power and ground nets
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Micron’s Capacitance Analyzer Tool

• Excel spreadsheet macro

• Reads in matrix data from several Field Solver tools

• Solves for ‘measured’ capacitance

• Nets are defined as either ‘floating’ or ‘grounded’
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C_pin versus C_pin(measured)

Largest Δ when signal 
is farthest from 
powers and grounds
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Conclusions

• Capacitance matrix data must be manipulated 
when comparing it to measured capacitance

‣ Maxwell capacitance is not what is typically measured 

‣ Important for datasheet comparisons and model to 
simulation correlation
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