
How Does Interpolation work?
*
*  ___  |\    /             |\      ____
* |VIN|_|1\__/  ____________|3\____|OUT5|
* |___| | / S1    |   _|_   | /    |____|
*       |/        |   ___   |/
*                 |    |
*  ___  |\    /   |   _|_    MULTIPLEX THE SIGNAL
* |.5V|_|2\__/  __|   ///
* |___| | / S2
*       |/
*
*  ____    _____      _____      _____
* |OUT5|__| 1/z |____| 1/z |____| 1/z |_....
* |____|  |_____|  | |_____| |  |_____|
*                __|__     __|__
*               |  a1 |   |  a2 |    NORMAL FIR FORMAT
*               |_____|   |_____|
*                 |         |      ___
*                 |         |___\ / _ \      ____
*                 |             // \   \____|OUT2|
*                 |_____________\\ /_  /    |____|
*                               / \___/

How to increase the sample rate of a signal? 
For twice the rate, Multiplex the input signal with a zero signal. 
Low pass filtering the result will do a linear Interpolation. 

 
The higher frequency signal components of the multiplexed output 
are easy to low pass filter out. 

The low pass filtering will be doing a perfectly linear interpolation 
on all the data points. 

This simulation however is only using a 6 stage running average lowpass 
for simplicity sake. 



===================MacSpiceCode=============================================

Simple_Unterpolation
*
*       VIN
*      ________________    __________
*    _|_     | TH0    _|_  | TH1    _|_    TH0
*   /_  \    |      _/   \ |      _/   \             ____________
*  // \  \   | |\  | \___/ | |\  | \___/   |\       |      |     \
*  \   \//   |_| \_|   |___|_| \_|   |_____| \_     |      |      \    _____
*   \___/      | / | OFF0    | / |  OFF1   | / |    |  ____| DAC   \__|VOUTA|
*    _|_       |/  |         |/  |         |/  |    | |    |       /  |_____|
*    ///          _|_           _|_           _|_   | |    |      /
*                |D0 |         |D1 |         |D2 |__| |  __|_____/
*                |___|         |___|         |___|    | |
*                  |             |____________________| |
*                  |____________________________________|
*
*         
*   VOUTA     IN2                                  
*    ___  |\    /         IN3 |\      ____
*   |IN |_|1\__/  ____________|2\____|OUT1|
*   |___| | / S1   _|_        | /    |____|
*         |/       ___        |/           
*                C1 |               
*                  _|_                
*                  /// 
*
*  ____    _____      _____      _____
* |OUT1|__| 1/z |____| 1/z |____| 1/z |_....
* |____|  |_____|  | |_____| |  |_____|
*                __|__     __|__
*               |  a1 |   |  a2 |    NORMAL FIR FORMAT
*               |_____|   |_____|
*                 |         |      ___
*                 |         |___\ / _ \      ____
*                 |             // \   \____|OUT2|
*                 |_____________\\ /_  /    |____|
*                               / \___/
*..............................................................
*

*         F1        F2       F3        F4
* ____    __|__ V1  __|__ V2 __|__ V3  __|__  V4
*|OUT1|__|D_LAY|___|D_LAY|__|D_LAY|___|D_LAY|_...
*|____|  |_____|   |_____|  |_____|   |_____|
*          |         |        |         |
*          |_________|________|_________|
*                   |
*                   |  ____   DC VOLTAGE CONTROLED FORMAT
*       _/\  /\  /\_|_|OUT2|
*     _|_  \/  \/     |____|
*     ///   R1 = 1 Ohm

*=========Create_Signal==================
*V_SIN#   NODE_P NODE_N DC     VALUE  SIN(   V_DC   AC_MAG FREQ   DELAY  FDamp)
VIN       VIN    0      DC     0      SIN(   .5      .5     3                  )
*V_PULSE# NODE_P NODE_N DC     VALUE  PULSE( VINIT  VPULSE TDELAY TRISE  TFALL  PWIDTH PERIOD )
VCLKL     CLK    0      DC     0      PULSE( 0      1      1n     1n     1n     2m     4m     )
VCLKL2    CLK2   0      DC     0      PULSE( 0      1      1n     1n     1n     2m     4m     )
VCLKL3    CLK3   0      DC     0      PULSE( 0      1      .1m    1n     1n     1m     2m     )
BNCLK     NCLK   0      V =    1      -V(CLK2)
VDC       VDC    0      DC     .5

XPOSE1    CLK    CNTL   POS_E 
XS_H1     VOUTA  CNTL   OUT1   SH 

S4        OUT1   OUT4   CLK2   0    SW 
S5        VDC    OUT4   NCLK   0    SW
C5        OUT4   0      .01n
R5        OUT4   VDC    10Meg
B4        OUT5   0      V =    V(OUT4)

BTH0      D0     0      V =    u( V(VIN) -1/2)
BOFF0     VIN    OFF0   V =    V(D0)/2
BTH1      D1     0      V =    u( V(OFF0) -1/4)
BOFF1     OFF0   OFF1   V =    V(D1)/4
BTH2      D2     0      V =    u( V(OFF1) -1/8)
BOFF2     OFF1   OFF2   V =    V(D2)/8
BTH3      D3     0      V =    u( V(OFF2) -1/16)
BOFF3     OFF2   OFF3   V =    V(D3)/16
BTH4      D4     0      V =    u( V(OFF3) -1/32)



BDAC      VOUTA  0      V =    (V(D0)/2+V(D1)/4+V(D2)/8)

VF1       F1     0      DC     0.1666

XS_DLAY1  OUT5   V1     OUT2   CLK3  F1   S_DLAY
XS_DLAY2  V1     V2     OUT2   CLK3  F1   S_DLAY
XS_DLAY3  V2     V3     OUT2   CLK3  F1   S_DLAY
XS_DLAY4  V3     V4     OUT2   CLK3  F1   S_DLAY
XS_DLAY5  V4     V5     OUT2   CLK3  F1   S_DLAY
XS_DLAY6  V5     V6     OUT2   CLK3  F1   S_DLAY

ROUT2     OUT2   0      1

.control
*TRAN     TSTEP  TSTOP  TSTART TMAX   ?UIC?
tran      .05m    1      0      .05m   
set       pensize = 2
plot      vin  vouta out2 
plot      vin  out5 out2 xlimit .33 .66
plot      v1

echo "===================FFT_and_Plot====================================="
linearize
let       FFT_BandWidth_Hz = 10k
let       FFT_resolution_Hz = 1
echo     "FFT_BandWidth_Hz= $&FFT_BandWidth_Hz"
echo     "FFT_resolution_Hz= $&FFT_resolution_Hz"
set       specwindow = "rectangular"
spec      $&FFT_resolution_Hz $&FFT_BandWidth_Hz $&FFT_resolution_Hz v(out2)
plot      mag (out2) loglog
echo "===================Done============================================="
.endc

.MODEL    SW      SW(    VT=.5 VH=.1  RON=1 ROFF=100MEG)

*=========Sample_Hold============================================
*         
*            IN2                                  
*    ___  |\    /         IN3 |\      ___
*   |IN |_|1\__/  ____________|2\____|OUT|
*   |___| | / S1   _|_        | /    |___|
*         |/       ___        |/           
*                C1 |               
*                  _|_                
*                  /// 
.SUBCKT   SH     IN     CNTL      OUT   
 B1       IN2    0      V =       v(IN )
 S1       IN2    IN3    CNTL     0    SW 
 C1       IN3    0      .1u
 R1       IN3    0      100Meg
 B2       OUT    0      V =       v(IN3 )
.ENDS     SH

*=========POS_Edge============================================
*
*  ___   |\             VBF ____                ___
* |IN |__|3\________________|   \   ___    ___  |  \   ___
* |___|  | / |           VLP| PE \_|OUT|  |IN |_|PE \_|OUT|
*        |/  |/\  /\  /\____|    / |___|  |___| |   / |___|
*               \/  \/   |  |___/               |__/
*               RLP     _|_
*                       ___
*                   CLP  |
*                       _|_
*                       ///
*
.SUBCKT   POS_E  IN     OUT   
 BBUF     VBF    0      V =   u( v(IN )-.5 )
 RLP      VBF    VLP    10k
 CLP      VLP    0      1n   IC=0
 BAND     OUT    0      V =    u( u(v(VBF )-.5)*u(.5 -v(VLP ) ) -.1)
.ENDS     POS_E

*=========SCALED_DELAY===========================================
*            CLK
*
*  ___      __|__               ____
* |VIN|____|D_LAY|_____________|VOUT|
* |___|    |_____| |           |____|
*                  |     | F1
*                  | |\  V      ____



*                  |_|1\/\/\___|IOUT|
*                    | /\/\/   |____|
*                    |/
*
.SUBCKT   S_DLAY VIN    VOUT  IOUT  CLK  F1
 XZ_DLAY  VIN    VOUT   CLK  Z_DLAY
 BOUT     IOUT   0      I  = -V(VOUT)*V(F1)
.ENDS     S_DLAY

*=========Z_DLAY=========================================
*                          _________________
*                          |   ___________  |
*  ___   |\          VBF   |  |  ____     | | ____
* |CLK|__|1\_______________|_/|\_\   \    | |_|   \
* |___|  | / |           VLP  |   |NE \_  |   | PE \_
*        |/  |/\  /\  /\______|___| 2 / | |___| 3  / |
*               \/  \/  _|_      /___/  |     |___/  |
*               RLP     ___                          |
*                       _|_
*                   CLP ///
*
* ___   |\  V1  /   V2       |\  V3  /   V4     |\   ___
*|IN |__|4\____/ ____________|5\____/ __________|6\_|OUT|
*|___|  | / S1  NE  | _|_    | / S2  PE  | _|_  | / |___|
*       |/          | ___    |/          | ___  |/
*        Rshunt1    |  | C1   Rshunt2    |  |C2
*      _/\  /\  /\__| _|_   _/\  /\  /\__| _|_
*    _|_  \/  \/      /// _|_  \/  \/      ///
*    ///                  ///
.SUBCKT   Z_DLAY VIN    OUT    CLK  
 B1       VBF    0      V =    u( v(CLK )-.5 )
 RLP      VBF    VLP    10k
 CLP      VLP    0      50n    IC=0
 BNOR2    NE     0      V =    1-u( u(v(VBF )-.5)+u(.5 -v(VLP ) ) -.1)
 BAND3    PE     0      V =      u( u(v(VBF )-.5)*u(.5 -v(VLP ) ) -.1)
 B4       V1     0      V =    V(VIN)
 S1       V1     V2     NE     0    SW 
 R1       V2     0      100Meg
 C1       V2     0      1u
 B5       V3     0      V =    V(V2)
 S2       V3     V4     PE     0    SW 
 R2       V4     0      100Meg
 C2       V4     0      100u
 B6       OUT    0      V =    V(V4)
.ENDS     Z_DLAY

.end
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