Nowadays, both analog and digital system blocks are located on the
same chip. Most digital design engineers want to verify digital
modeled blocks along with analog models for ensuring the
functionality of both systems together. This paper describes how
analog devices such as DACs, ADCs, LDOs, Filters, and PhotoDiodes
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Boundary Elements (BEs)

Most simulators support the automatic insertion of BEs by providing
the MS-Net hierarchical path. The inserted BE can be defined as a 1-
bit ADC (in the case of R2L) or as a 1-bit DAC (in the case of L2R)
and it is expected in the future that EDA tools will insert n-bit
ADC/DAC automatically. The n-bit generic ADC/DAC, generic
meaning without a specific topology to ADC/DACs, can be supported

Interconnects

Some devices are structurally wire-based, or the extracted netlist

connections of a device are wire-based. If the system is of real

datatype, then there will be incompatibility errors during the simulation

process. The solution could be:

= |nsert two BEs, one R2L and one L2R, so that the wire is between
the two inserted BEs (real -- R2L -- wire -- L2R -- real). Only two
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DUT (ADC/DACs)

The DUT in Figure 13 has the following devices: two Generators, two

ADCs of 4-bit FLASH_ADC, Logical Unit (LU), Arithmetic Unit (AU),

one DAC of 4-bit R_STRING DAC and 4-bit generic DAC.

= Wave1 and wave2 are driven by resolved net-types to model the
load effect at the analog part, and this loading can reduce the
value of the analog voltage that will be driven by ADC.

can be modeled from user-defined resolved nets, boundary elements,
by the following equation real values for the highest and lowest data will be received.

and interconnects. Debugging and visualization of RNM constructs
are important during the integration of a complete analog device and - RUBULrea) by bit DAC: L(outputiogi) = R(inputyea) + delta = Include n-bit ADC and n-bit DAC. This solution will have information
loss according to the number of levels of conversion. It is a hard

during connecting an analog device modeled with SV-RNM language where L: Logic, R:Real, delta =", v, supply value, 2% number levels of conversion, n: define resolution

to a digital one. The SystemVerilog code that supports an n-bit ADC/DAC can be solution if the tool does not support the automatic insertion of n-bit structurally wire-based connections, so a wire to interconnect is
shown in the following table ADC/DAC and will also change the design hierarchy. needed to receive the desired real data between sub-blocks.
= Convert these wires to interconnect. Interconnect can hold any = The outputs of the two ADCs will go through the Logical Unit (LU)

value according to the type of data connected to it. Therefore, it is and the Arithmetic Unit (AU) which are purely digital devices.
the best solution as shown in Figure 9. Then, the LU output will go through the R_STRING_DAC and the

» |nside the FLASH_ADC there are BEs inserted of R2L type, to
convert the real output voltage value of the comparator to the
digital input logic value of the encoder. The ADC sub-blocks are

Forn — bit ADC: L(ﬂutputmgw)

User-Defined Net-types and Resolved Nets (UDN-UDRN)

n-bit_ ADC.sv

// n to befine resolution (accuray)
/I number of levels = 2**n
// delta = (high supply voltage) / (number // delta = (high supply voltage) / (number

n-bit DAC.sv

/I n to befine resolution (accuray)
I/l number of levels = 2**n

User-Defined Nets (UDN) hold the values of voltage, current, and
resistance in only one net. New UDN can also support the

capacitance value. Figure 1, illustrates that these nets will be resolved otlevels) oflevels) ST T— — DAC's output is a resolved net. Inside the DAC there are BEs
by an impedance voltage division. The output voltage and the current gogstleufsvtirz({)oém;ti;_n=3) (input real [g?((ri]l_lif)e]LLZFé lﬁ(pir?erglet%r-n:?’) (input wire l ! wire | [_ADC wire DAC_l l wie > interconnect | inserted of LZR type. Thel DAClsub-bIocks are structurelly wire-
are resolved by the following equations , outp . , - . outp , /re\;{j ELL real real &7\2 /r\e;l\/ based connections, so a wire to interconnect is now required. The
1 (B + DY*vin - D (C + D) } B metor real veuriom =6 B ometar el veubion = o W Ny AU output will go through the n-bit DAC acts as a generic DAC
= 4+ *in - D*vina... + 4 *1roUl - Y - Inserting two BEs Inserting n-bit ADC and n-bit DAC Converting wire o interconnect
(A+B+C+D) prev prev

parameter real nlevels = 2**n; parameter real nlevels = 2**n;

and its output is also resolved net.

Figure 9: Wire to Interconnect

parameter real delta = vsup / nlevels; parameter real delta = vsup / nlevels;
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1 1 {: ] C 3 i — R DAC % eRsrc ,;"l: vrefl-
where A = , B=—, (=-7% D=-¢ slizEys @ () brein iy @ (U bel = Differentiate between interconnects implicitly defined by the tool | e LT
Rioad Rsrc dt dt if (R ==="wrealZState) it (L===2) f plicitly y [Generator2mtiii A0 [r7i | e fft% % o2 et
. . o R_conv = Z; L_conv = ‘wrealZState; and those explicitly defined by the user as in Figure 10. | e e o Fatstor st -t At comerse L5 .
This resolved net can model a Low Pass (LP)/High Pass (HP) filtering else if (R >= vsup) else if (L === 1) o PUCTEY DY . J . ) o e N S — T IR i1
. . N R_conv = '1; L_conv = vsup; = Highlight the data type driven by the interconnect, the red box In i el | et T
effect and a resistance-voltage/capacitance-voltage divider effect. else if (R === vsuplow) else if (L === '0) = 10 sh the data t that will be dri v th g e et g SO o SO
R_conv ="0; L_conv = vsuplow; Igure SNOWS c dla ype at. Wi c riven y € Figure 13: Analog-Mixed Signal DUT, the structure of FLASH_ADC & R_STRING_DAC

Figure 2, shows which capacitor and resistor need to be set for
reaching the desired effect. Figure 3, shows the effect of low and high

else if ((vsuplow < R) && (R < vsup)) else if (0 <L) && (L <'1)) : i\’
g L L o= Ll interconnect between brackets ().

else else = Show the drivers/receivers of interconnect. Notice that this

DUT (LDOs) / (PhotoDiodes)

filtering using this resolved net. R_conv = 'X; L_conv = ‘wrealXState; .

end end Interconnect connects UDRN because the datatype of the por’[ has Figure 14: The Concept of LDO (LOW Drop_Out V0|tage) can be S|mp|y
typedef struct | Rsrc Effect Ryoad R Croad Core . . . . o o
;Ezi ;_prex f;!%\{l%%%\fOLT Vin C":I:c Voui é ?fig:::fg’)) Desnzdo:alue Des'L;:doi’alue Des'Lr:dOValue Desuzdovalue aSSIQn L: R—Conv’ aSSIQn R = L_COI’IV, a reSO|Utlon funCtlon aS Shown In Flgure 11 | mOdeled aS a reSIStlve VOltage dIVIde' The LDO reduces the Value Of
el ” - - 3 _, lCapElziit‘i!I;emn ” 00 R 00 Desired Value | Desired Value Dexplicit_interconnectsv - op_ei +2x '
el B _..-’.f-”éE”éI“;ETEECE TE T e Dot | e |0 endmodule endmodule S T LT the supply battery to the desired analog system supply voltage. It can
l'ﬁ’llC CAPACITA\ICE voltage d_i‘l"j“smn : . interconnect girgéij\;(in F%uminres ines:onne B eslv(interconnect::EE_struct)@0 M
}EEjtl"LlCt EE“SU'UCI (UDT) L 2 L;ss;:zﬁi\ee DEShEdO;alue :g Desj.rzdo\.-alue :g 63 interconnect W_real; B i q interconnect::EE_struct)@0 be modeled Wlth UDRN.

Figure 1: Impedance Voltage Division Figure 2: The components of the resolved net that need to be set
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Figure 15: PhotoDiode (PD) can be modeled as a current source with

resivii
w_resly - struc ' reshv(inter
0.4->0.5 W e interconnes t(wre: A=,
Explicit inferconnect
: [Himplicit_interconnect.sv - top_ii +/2 x $hVariables - top_ii
e u In S 61|  wire w unreslv; =l show AlL| E‘E"\MFD - &£ F Fiter:
@w_unreslv(int
62 wire w_resly; Name |WD |V lue

S ey akies CL alies C2 IS o ol FFE ol s o B i ottt approximate infinity resistance (rsh) and small capacitor due to the
= The tool should define it as a separate instance. This helps to E’Tg"&?"’e"’%’a”f"é’iﬁ‘icit/|mpncnmtemonnects effect of the materials (cs). The photodiode is then connected to a
oz ey know how many BEs are inserted, where they are inserted and T = — trans-impedance amplifier to convert current into voltage. The trans-
H r2_udr revz.v 0994412, what type Of the BE is inserted (RZL, LZR) as shown in Figure 0. aezmudld”trg uwr S G e |mpedance amp“ﬂer has an |mpedance effect Of (Cf//rf)
Figure 3: HP & LP fitering effect using resolved net = The BE parameters must be well understood because the ol L 7 R ——— L ' e N e o — S B R A R Photodiode.sv
designer can change he default values of the BE inserted through e I T iy o B ) ESRNESSR | femmagge
gging configurable files and these values will be propagated through all - ﬂ e e A

/I Parameters of photodiode
parameter real id = 50E-6;

the design. The highest and the lowest BE parameters values are
easily visualized but the values between need smart schematic
tools to simply give hints when the X’ propagates as shown in

Figure 11: Debugging drivers and receivers of an interconnect

DUT (Generator)

The function generator is used to generate electrical waves such as
sine, square, sawtooth, and triangular waves. These waves can be
modeled according to the following equations. Any of these waves will
be connected to another analog block, for that reason considering its

= Understand the functionality of the resolution function, this is
done when the debugging tools can distinguish between UDN
and UDRN by declaring the resolution function as a variable |
of the UDRN as illustrated in Figure 4. F|gulre !

. . * Adding the BE input/output to windows like wave window or smart
= Have a strong builder expression that can construct complex . . . .
. . L , window for debugging event-driven orders will be very helpful as
functions equivalent to the functionality of the resolution

there are a lot of real values changed to logic 1°, logic ‘0" and

parameter real cs = 100E-12; // series capacitance
parameter real rsh = 1E9;  // shunt resistance

/I Parameters of feedback
parameter real rf = 20E3; // feedback resistance
parameter real cf = 10E-12; // feedback capacitance

I

parameter real TS = 1;
parameter real TU = 1E-9;
real dt =TS * TU;

/I Constants

] ' ' . real A, B, C, D;
function because this helps in comparing the outputs from the some can be changed to ‘X’ as shown in Figure 8 loading effect could be important. 78T e T s = comonyan | e | 2MYS @0in,sampling.dock)begin
. [ ] . // dvin = vin - vin_prev = ’ =
resolution functions to those generated from the builder — N Sineuase = of fset + ampl+ $sin(2 + pi » freq + $time * unitiine) 7 e = Vo N 5= dicly
\ \ \ ® Mo dl Scope/All -« © @ Object Types... ~Filter ‘—H.[ _ - Trace X on var top_param. REL inst_! ELEIIIITIE]. square,, g o = affset + GTITpI s (sgn(ﬂi 51]1(2 * pio* $time = unity; ]):] ~ CPO BRCHHMKMM e FF ¢ad0o 3D H Diff 440| | D= CS/dt,;
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= e 85135550, 864869 ol wpwn e 701 A oppwm SampmmRls oGl i OARELLT s Has b5 e R o 2+ aml) /o)« Sasin (1/S sin(ai » freq » St . vout = (L(A+C)) * (((A+C+BAD) *vin) + (-(D+C) * vin_prev)
V_prev real 0.836492->0.851356 AT e ? triangular, qy, = of fset + (2 » ampl)/pi) = $asin (1/$ sin(pi « freq » $time = unityime)) tb_PD_ADC_pulse_PD_ADC_Vout *(C*voul_prev) + 4
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e e el e R2L st 6 Hies g ’ Figure 15: PhotoDiode and its SystemVerilog code.
M B R2L7!nstj ggs efinition 00 1 -
v ea 0.851235-50 864747 | B 5 | frequency, max/min amplitude, and the offset of the wave. The p———
I real 1.48617e-05->1.35118e-05 - top_param.R2L inst. inished Tracing . . ' '
5 e 10000 * Figure 6: Searching for an instance BE Figure 7: Schematic quiding (o0l [0 race X random Generator can be useful for modeling the noise input wave or onclusion

'Resolution-function

adding an amount of noise to the input wave.
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Figure 8: The event order for a ‘real’ variable

complex devices. Future work will be on how to verify these devices
from UVM-based verification, assertions, and functional coverage.
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Figure 12: Waves and getting info from their waveforms
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