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What Is a mixed signal SOC?

SOC with analog and digital signals

 Measure analog signals and process right away

* Create analog signals after processing digital input
 Combination of both
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Where Is It used?

Smart sensors
loT-Devices
Small robots

Software-defined Radio
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Challenges

« High level of abstraction for IP and reuse based

methodologies.

« Low level analysis for physical effects on small

process nodes.

* Analog and digital 10, as well as RF integrated into

one chip.
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Problems

1. Simulation
* Digital simulation does not support analog values
* Analog circuit simulation too slow

2. Verification

3. Creating the chip
e Electric Interference
e RF behavior
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Simulation: Real Number Models

Digital simulation with real numbers

Best used for high-frequency signals
Low-frequency and DC simulation in SPICE
Good simulation performance

Example:

« SystemVerilog (IEEE 1800-2012, SV-RNM)
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Simulation: Verilog-AMS

Analog behavioural modelling

Works with standard digital test environments
Continuous time analog simulation

Analog and digital solvers

Alternatives:
* VHDL-AMS
* SystemC-AMS
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Simulation: Verilog-AMS Examples

» “electrical” adds voltage and current to pin-

« Contribution statement <+ assigns values
continuously

* |Instantiate modules between nodes and set values

L1 (i1 @) inductor
L2 (i2 @) inductor

1=1uH
1=2uH r=1

module inductor{p, n);

inout p, n;
, n;
1=1 from [@:inf);
r=@ from [@:inf);

begin
V(p,n) <+ 1*ddt(I(p,n)) + r*I(p,n);
end
endmodule
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Accuracy

Comparison of simulation methods

Modeling Tradeoffs

Real number models are

the most effective way to

Conservative abstract AMS functioinality
Verilog-A for full chip simulation

Verilog-AMS
VHDL-AMS

Real Number Model (RNM)

Pure Digital

-

Simulation Performance / Capacity
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Verification

Digital verification:

Universal Verification Methodology (UVM)
Metric-driven Verification (MDV, Coverage driven)

Mixed-Signal Verification:

MS-MDV

UVM with RNM

Allows assertions with real numbers
Requires well-tested individual blocks
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Parasitic extraction

Large parasitic effects for small processes
Post layout simulation
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Verification

Time to market, first time right

Simulation performance

Shrinking process nodes => physical effects
Interaction between analog and digital

Foundry verified golden models and simulators
Tight link to parasitic extraction tool
Support for multiple levels of circuit abstraction
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Silicon on Iinsulator

VBBN

Traditional CMOS

NMOS PMOS

A A

\ il !
G G
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VBBP
BOX | BOX |
P-Well

N-Well

P-Sub

Silicon on insulator

Parasitic diodes connected to the substrate
« Substrate coupling
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Silicon on insulator

SIMOX: Separation by Implantation of Oxygen

« Implant O* lons, energy and fluence determines
range and thickness

« Continuously anneal damaged silicon @ 600-1400°C

O' implantation
1.8 x 108 cm?2 @ 200 keV

Silicon
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Silicon on insulator

SIMOX: Seperation by Implantation of Oxygen
* Implant O* lons, energy and fluence O* implantation
1.8 x 1018 cm? @ 200 keV
« determines range and thickness
« Continuously anneal damaged
silicon @ 600-1400°C Silicon

a) ¥ Wafer bonding L

BESOI: Bond and Etch-Back SOI
« Bond to separate wafers
* Create etch block by implanting B or Ge.

etch stop
Sio,

Siwafer 1

4 4

Polishing and etching

N S T U T
x-Si

x-Si
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SOl vs Guard rings

Guard ring: Ring in silicon and metal layers

Silicon on Insulator

P+ Guard Ring

R RRXRX

Reduce substrate coupling significantly

Increased area - =
X NMOS X
Easy b Circuits b
X X
3 XXX XRXKX

<
0
"

Reduced substrate coupling
Reduced gate and parasitic capacity
No additional area

More expensive
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Mixed signhals and FPGAs

FPGAs support only digital signals

Digital input from ADC, analog output by DAC
Placed on the chip or provided by processor
System is mixed-signal, FPGA is not

Prototype FPAAs, nothing useful yet
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ChipScope Pro

View analog Inputs without design

Elle Wiew JTAG Chain Device ¥ADC Window Help
@ | maGScanRas [i= - | vihndiores Dt [16 samples [ | ) | Exterrad ot [VCCIRAG - B
- —
TR +| &1 xADC Console - Device:n
JTAG Chaln
sensor valig His1or
# DEV) WyDaviced (CTKIZET) ISty
¥ADC Console  Present 29.5¢C
B Device Max .0 ¢
W Cevice Min 2.5 ¢ ;
Die Temperature I
Sensors: DEV: 0 UNIT: XADC
o Gn-Chip Sensars — Frecen 0.935 ¥
W Device Max 0.997 ¥
W Diice Min 0.993 ¥
VCCINT Supply ]
B Present v
W Device Max v
W Device Min v
VCCAUX Supply ! " ! iy
B Frecent 0.289 ¥
B Device Max Looy ¥
W Devce Min 0.936 ¥
VECBRAM wikayip) '
INFO: ChipScope Pro Anahyzer  Version: 13.2 0.48 (Bulld 13200.11.59.1128)
COMMAND: open_cable
INF: Started ChipScope host (localhost 50002
INFO: Successfully opened connaction 1o server: localhost 50002 (ocalhost 27.0.0.1)
INF O Successtully opened Xiline Platiorm USE Cable
INFO: Cable: Platiorm Cable USE 1|, Port USB21, Speed 12 MHz
INFO! DEV-0 WyDievicall GOCTKEIST) is nol configured
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sSources

RF/Analog and Mixed-Signal Design Techniques in FD-SOI
Technology by Andreia Cathelin, STMicroelectronics

Xilinx Analog Mixed Signal Solutions by Anthony Collins, XILINX

Reduction of Substrate Noise in Mixed-Signal Circuits by Erik
Backenius, Linkoping University
What's needed for mixed-signal verification by Bijan Kiani, EETimes

Applying Mixed-Signal Verification Best Practices to Mixed-Signal ICs
for Automotive Applications, Cadence Design Systems

Parasitic Extraction, Post-layout and Back annotating in Circuit Design
by Alberto L., Mis Circuitos

Complete DFM Model for High-Performance Computing SoCs with
Guard Ring and Dummy Fill Effect by Chun-Chen Liu, Oscar Lau,
Jason Y. Du University of California
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« Solutions for Mixed-Signal SoC Verification by Kishore Karnane and
Sathishkumar Balasubramanian, Cadence Design Systems

 Metric Driven Verification, Aldec
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