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Introduction: Mixed-Signal Flow
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Solution: Abstraction of Digital Circuits
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Adds timing checks to digital

elements (i.e., flip-flops)

Maintains digital circuits’ timing
accuracy (Liberty Data)

Maintains analog circuits’ overall
accuracy (kept in SPICE)

Increases simulation speed (Discrete
Events-based digital simulator)

Improves reusability (library of sub-
circuits)
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Requirements: Inputs L/

Liberty Database SPICE-level Netlist

1 cell ("sky130_fd_sc_hs__and2_17){ 11 .include "sky130_fd_pr _nfet_01v8_Ivt_tt.spice”

2| area:7.992; 2]
3| ..

. mAm 3 | .SUBCKT sky130_fd_sc_hs__and2 AB X VGND VNB VPB VPWR
4] pinCA"){ | Ky

4| MMPOyAVPWR VPB pfet_01v8 m=1 w=0.84 |=0.15 ...

5| MMP1yBVPWR VPB pfet_01v8 m=1 w=0.84 I=0.15 ...

6| MMNO yA sndAVNB nfet_01v8_Ivt m=1 w=0.64 I=0.15 ...

7| MMN1 sndAB VGND VNB nfet_01v8_Ivt m=1 w=0.64 I=0.15 ...
8| MMIPO Xy VPWR VPB pfet_01v8 m=1 w=1.121=0.15 ...

9| MMINO Xy VGND VNB nfet_01v8_Ivt m=1 w=0.74 1=0.15 ...

10] .ENDS sky130_fd_sc_hs__and2_1

1] ...

12| .SUBCKT TopLevel6288 A0 A1 ... P31 VGND VNB VPB VPWR

13] X0 A3 BO net1 VGND VNB VPB VPWR sky130_fd_sc_hs_nand2

5| direction : "input";

6| capacitance : 0.0024;

7| internal_power () {...} ...

8] }

9] pin (°X") {

10| direction : "output”;

11]  function : "(A&B)";

12| ..

13] timing () {

14| cell_fall ("delay_template13x20") {

14|
15|  index_1("0.01, 0.01735, ..");

- 15| X6 A1 B4 net27 VGND VNB VPB VPWR sky130 fd sc hs and2
16]  index_2("0.00, 0.00841, ..."); 12: 6 net27 Ve sky130_fd_sc_hs_an

17]  values("0.05541, 0.0872, ...",
18| "0.05756, 0.08938, ...", ...

19] }...}..}..}

17] X84 B12 A0 P6 VGND VNB VPB VPWR sky130_fd_sc_hs_xnor2
18| .ENDS TopLevel6288
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SystemC-AMS & COSIDE Environment p

— Design, compile, simulate and aw
verify SystemC(AMS) code 22z |
— Drag and drop blocks in a ‘o
schematic
hverter] < i_loadedMotorl
T v CateDrivel L - - A
e .Q.E B"i" “,’8 = : | LOADEDMOTOR
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mixed-signal circuits r* el ‘-
M ba= o -
P s

— Integration with SPICE, other : | . .
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— HW/SW co-simulation, ability to
model electrical and mechanical
parameters...

LB
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Proposed methodology (0): Top-level View
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Proposed methodology (1): Select PVT Corner k/

[ =
— Cell libraries are typically described with : Choose The Liberty File A _ O %
multiple corners select The Version
v1.0.0 5
— Characterization at different Voltages, | Select The Library
Temperatures and with different Process sky130_lib =
| aelect The speed
quality — '

aelect The Yoltage

— Many corners to predict the behavior of the w180

system in both nominal conditions and in the Select The Temperature
most extreme ones TOES -
Use This Liberty File
— The library of SystemC standard cells will use [ Print The Lines That &re Mot Being Parsed

a single, selectable corner [~ Show The Lib Explore GLI
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Proposed methodology (2): Parse Liberty
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Lib Explore

Cells, Pins & Parameters

OUTPUT
Cap=0.0023000000
Min_Cap=
Max_Cap=0.1485900000
Function:(A&B)
Timing_Features_List

Internal_Power_List

Time Unit: 1ns

Yaltage Unit: 1%

Fower Unit: 10

Current Unit: 1ma
Capacitance Unit: 1.000"pt"

Path To Reach This Element

cell_list[70].pin_list[2].direction
cell list[70].pin_list[2].cap
cell_list[70].pin_list[2].min_cap
cell_list[70].pin_list[2].max_cap
cell_list[70].pin_list[2].function
cell list[70].pin_list[2].timing_list

cell_list[70].pin_list[2].internal_power

>
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List of library cells
(Dark Green)

Hierarchical
content of a cell
(Green -> Blue

Gradient)
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Proposed methodology (2): Parse Liberty

Popup GUI for
data in 1D vectors
and 2D matrixes

Lib Explore A _ O X

Cells, Pins & Parameters

Path To Reach This Element

(infineon

List of library cells

01317200000
01975700000
0.2963400000
0.4444300000
0.BEE7000000
1.0000000000
1.5000000000

18 Mrz 2023 restricted

Time Unit: 1ns
Yaltage Unit: 1%
Fower Unit: 1n%
Current Unit: 1ma

Capacitance Unit: 1.000"pt"

0.0964300000 0123520000001 3437000000.14070000000.1474300000 0.15544000000.1647300000
01125400000 0.14315000000.155341000000.15343000000.1664300000 0.1 7462000000.1541000000
0.13181000000.17037000000.17573000000.18207000000.15923000000.13762000000.2073200000
01556300000 0.1 3764000000.20544000000.21003000000.2175300000 0.2267 200000 0.2360500000
01364100000 0.23216000000.23542000000.24543000000.2533300000 0.26230000000.2725600000
0.22707000000.27637000000.253377000000.291:537000000.2398700000 0.309:37000000.3200700000
0.28319000000 03365000000 0.:34400000000.3523000000 0,361 6000000 0.37130000000.:3533000000

(Dark Green)
cell_list[70].pin_list[0].name
. |
- sky130 fd sc_ hs_and2 1 -> Pin_List -> X -> Timing_Features_List -> A -> Cell_Fall A - O X
Index_2("total_output_net_capacitance™): 0.0000000000 0.00841000000.01003000000.01211000000.01453000000.01743000000.02039100000 .
Inde=_1{"input_net_transition™): IerarCh ICal
0.0700000000 0.05541000000.08720000000.03216000000.03732000000.10463000000.11250000000.1215000000 f II
0.07173500000 00575600000 0.08333000000.03432000000.10007000000.10673000000.1146300000 01233300000 ent Orace
00260200000 0.06033000000.09215000000.03703000000.10286000000.10353000000.117450000001267300000
0.0330300000 0.06496000000.09670000000.10164000000.1074100000 01141400000 0.12201000000.1313100000 €N -> B|Ue
0.0585500000 0.0722000000010391000000105837000000.11465000000,12137000000.12926000000.1385800000 R .
0.087g200000 0.0829500000011482000000.11952000000.1 256000000 0,1323300000014026000000.1495300000 Jradlent)
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Proposed methodology (3): Parse Netlist

Select The Block You Want To Parse A 0O X
Blocks & Relative Cells & Nets Associated Port

— The script searches for blocks made of standard cells,
filtering out the rest

— From each block we sample data about its cells’
connections (wires, types of cells, names...)

— Synergy with Liberty data to distinguish INs from
OUTs at both cell-level and block-level

— One block is selected and translated to SystemC = Keep Only Blocks Confaning Sequantial Elsments
. . [ Keep Only Blocks Containing Combinatorial Feedback Paths
USIﬂg the Same tOpOIOgy aS the net“St [ Do Mot Use Timing Informations When Translating Each Cell

[~ Do Mot Translate The Standard Cells Used In The Selected Block
L
Select The Mamespace (Mame Of Coside Project) Select The Data Type

Liberty_Cells| - bool -
L
Select The Black To Translate
| |

Create The TE Stimulus |
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Proposed methodology (4): Testbench Generator
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Create The Testbench Stimulus

Inputs " Initial Conditions (Reference: Start Of Sim) . Clock Specs & Mumber Of Intervals (Time Reference: Start OF Sim)
##fRREt RS ES fREEE R R R R R R R R R R R R R # R R E R R R R R R R R A R R R R R R R R R R A R R R ¢
Port_0 # Starts At Logic Level '0° 0 ~ ¥ Time Before 1st Edge [NS] |3189.5 3 Semiperiod At '1' [M3] 459855 *
:Gnes From "' To '0° After: [M3] |0 - : Mumber Of Full Periods |32 - Semiperiod At ‘D' [MWS] 460473 :
##fRREt RS ES fREEE R R R R R R R R R R R R R # R R E R R R R R R R R A R R R R R R R R R R A R R R ¢

Por1  #  Stars AtLogic Level's' [0 o # Number Of Intervals # 1 Afer N
:Gnes Fram '¥' Tao '0° After: [N3][0 = : 5 = e 0* after [Ns]
#EFHRE R SRR R R R ¢ SRR R R R R R
Port_2 #  Sfarts At Logic Level ‘0" 0 - # Mumber Of Interyals « 1" After N3]
:Gnes From "' To '0° After: [NS] |0 = : 1 = : =00 -
S o L g G e e e N i e ' =
. Show Current Stimulus Below | Start Translation
Frint The List Of Translated Cells
At ONS: Port_07'07) Save This Stimulus For Future Uses
At OMS: p.;.n:1 o You Can Load An Old Stim To Start From
At OMS: Port 2004 -
o aner Thalt FOlL2(h). | Total Sif Time [NS] (Time Reference: Start Of Sim)[10000 :

{17
1978945 After That: Port_0("1"
45.968MN5 After That: Port_0i'0"
46.047HE After That: Port_0i"1"

14 Full Port_0 Periods ('0'-="1" With Mo Other Events
30.698M5 After That: Port_1('0%

15.29M5 After That: Pord_00'0"%

46.047HE After That: Port_0i"1"

3.964M5 After That: Pord_1("1"

15.522M5 After That: Port_1('0"

26.502MS After That: Port_0('0"

46.047HE After That: Port_0i"1"

45.968M5 After That: Port_0i'0"

14 Full Port_0 Periods (*1'-='0% With Mo Other Events
J91IME After That: End of Simulation

"' After [NS]
‘0" After [NS]
# 11210.900 2/4601.023 ]4666.324 2/4651 546 =
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Proposed methodology (5): Module Generation &—/

SPICE T w | DIGITAL
NETLIST ame, cells instances, topology... ‘ CIRCUIT
LIBERTY Name, 10, functionality, delays, capacitances... STANDARD
LIBRARY CELLS
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Main Benchmark: Infineon Open-Source Bandgap
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\ Enable Clock

Main Benchmark: Integrated Digital Circuit
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Main Benchmark: Results
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Main Benchmark: Results (Zoom)
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