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What is VHDL-AMS

Very High Speed Integrated Circuit Hardware
Description Language — Analog and Mixed-Signal

Description &
simulation of

Description
& simulation

b e
driven circuits gnd
systems

systems
IEEE 1076 IEEE 1076.1

VI—‘DL VHDLl-AMS
| |

VHDL-AMS is a strict superset of IEEE Std. 1076
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Why Use VHDL-AMS

» Standard Format Allows Model Portability
» Different engineering groups within same company
» With Sub-Contractors
» Between different simulators

» Multi-level Modeling :
» Different levels of abstraction of model behavior = ke

» Multi-domain Modeling =
» Electrical, Thermal, Magnetic, Mechanical, etc | = -
» Mixed-signal Modeling
» Supports analog and digital modeling
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Basic VHDL-AMS structure

» Entity » Architecture
» Interface description of a » Can provide several levels
subsystem or physical of model description
device » Modeling can deal with
» Specifies input and output both analog (continuous)
ports to the model and digital (discrete)
» Can specify input domains
parameters to the model
(A=,B=C=.)
A
) :z Entity ﬁll } inout ports
mpUt ports - © Architecture 1 -
- Architecture 2 - } output ports

Architecture 3

X (GUTIVERGER -

il
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VHDL-AMS Simple Example

ENTITY resistor IS
GENERIC (R : REAL := 1.0e+03);
PORT (TERMINAL p,m : ELECTRICAL);

END ENTITY resistor: A
A—
ARCHITECTURE behav OF resistor IS
QUANTITY VR ACROSS THROUGH p TO m;
BEGIN
VR == IR * R:
END ARCHITECTURE behav: V°'tage(VR)/\
—
o'V V"V
P m
V=R resistor
R:=1 kQ

X (GiTVERGER
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Applying VHDL-AMS Modeling

» This Example will utilize VHDL-AMS modeling for
the DC/DC power converter design flow.
» Component level (R, L, C, Diode, Switch, opamp, etc)

» Create behavioral linearized average model for designing
the feedback loop, and for system level simulations

» Model digital components in the Modulation circuit block
» System level control for - fuse, SSPC, circuit breakers

» In addition to VHDL-AMS modeling, other
advanced modeling techniques will also be shown
during this design process
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Design Process (Converter)

» Define Power Converter Specification
» Input/Output Voltage requirements, Power levels
» Mode of operation (CCM, DCM, Current or Voltage mode)
» Ripple Voltage and Current specifications
» Switching Frequency and target Efficiency
» Load/line regulation

» Design Power Stage (open loop design)
» Design the feedback loops

» Design the modulation circuit

» Validate closed loop design
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Power Stage Design

i Simplorer Schematic - [rs_ol_cri.S5H]
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VHDL-AMS Behavioral Model

whdlams1.whd ; buck_vhdlams_dxn_ng,vhd ; ARCHITECTURE behav dxn ng OF buck vhdlams den ng IS
LIERLRY ieee: QUANTITY dlpdZ : FEAL:;
U3E ieee.electrical systems.all: QUANTITY den : FEAL:
USE ieee.fundamental constants.all; QUANTITY x : REAL;
USE ieee.math real.all; QUANTITY d : FEAL;
LIERARY basic vhdlams: ggﬁig gg ﬁii
ENTITE ggg?‘THDLEHS_DXN_NG 13 QUANTITY 41 ACROSS dlp TO dlm;
TERMINAL dlp : ELECTRICAL: QUANTITY wload ACROSS wloadp TO wloadwm:
QUANTITY wogpm ACROSS wop TO wom;
TERMINAL dlm : ELECTRICAL: QUANTITY ecutpm ACRO3S eoutp TO eoutm;
TERMINAL wgp : ELECTRICAL; QUANTITY mode ACRO%S i THROUGH wmode TO ELECTRICAL REF:
TEFMINAL wgm : ELECTRICAL: QUANTITY iin THROUGH wgp TO wou: -
TERMINAL eoutp : ELECTRICAL: QUANTITY il THROUGH eoutm TO eoutp;
TEFMINAL eoutm : ELECTRICAL:
TERMINAL vloadp : ELECTRICAL; BEGIN
TERMINAL wloadm : ELECTRICAL;
TEFMINAL wwmode : ELECTRICAL: ¥ == (2.0%11*Fs*L/ (den*d+1.0E-a));
QUANTITY L : IN BEAL := 100.0E-6; den == wgpn - wload;
QUANTITY Fz : IN BREAL := 1.0ES: dz == dlpdz - d;
QUANTITY dutywin : IN FEAL := 0.01; d3 == 1.0 - dlpd2;
QUANTITY dutymax : IN REAL := 0.59 wode == x;
EEGIN H PROCEDURAL I3
END ENTITY BUCK VHDLAMS Didl_NG: BEGIN IF (4l < dutynin) THEN
< dutymin

d 1= dutymin:
ELSIF (dl » dutymax) THEN

dut;rmax 0.94 d := dutymex;
dutyrmin 0.01 ELSE
- buck_whdlams_d=n_ng wout d = dl;
YN vloadp END IF:
L_ wp wloadm ] IF ix »= l.0) THEN
Avgm 132U eputp f——— dlpdz := 1.0;
fo 100k ELSIF (x <= d) THEN
eoutm f—— 0 dlpdz := 4;
ELSE
dip  dim vimode dlpd2 := x;
T END IF:

duty mode

END» PROCEDTIRAL:

eoutpn == wload* (1.0 - dlpdZ] + wgpn*d:
iin == il*d/dlpd2;

END ARCHITECTUEE behav dxn ng:
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Comparison of Behavioral Model
and Switching Circuit (open loop)

[ﬁ Simplorer Schematic - [rs_ol_av_sw.S5H]
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Using VHDL-AMS Behavioral
Model for Feedback Design

i Simplorer Schematic - [rs_cl_avg.S5H]
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Modulation Block Using State
Flow Modeling
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Closed Loop Swi
vs. Behavioral
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VHDL-AMS Digital Modeling

ENTITY lsr I3

GENERIC (T_PROP : BREAL := 0.0);:
FOET (5 ¢ IN BIT := '0O':

R : IN EIT := 'O';

Q : 0UT BIT := '0':

QB : 0OT BIT := '1'}:

END» ENTITY lsr:

ARCHITECTUEE behaw of lsr IS

CONSTANT del : TIME := T PROP * 1 sec:
EEGIN

FROCESS (3,R)

EEGIN

IF (S='1'} THEN

Q0 <= '1'" AFTER del;
QB == '0' AFTEFR del;
EL3IF (R = 'l') THEN
Q <= '0" AFTER del:;
QB <= '1'" AFTER del:
END IF:
END PROCEZS;
END behaw:
L ERR] -
L=tch
Chd . 00 Pl
Isr1

J(EOTIVERE

or21

AnD2

and21

ENTITY orZ I3

GEMERIC (TP_LH : FEAL := 0.0;
TP_HL : BEEAL := 0.0);
PORT (=x1l,x2 : IN EIT := '0O';
¥ : OOT BIT := '0');

END ENTITY orz:

ARCHITECTUREE behawv 0OF orZ I3

CONSTANT lh : TIME := TPF_LH * 1 sec:
CONSTANT hl : TIME := TF_HL * 1 szec:
SIGHNAL OF_OUT : BIT:

BEGIN

OF_0OUT <= x1 OF =2 ;
¥ <= OF_OUT AFTER hl WHEN OR_OUT = '0' ELSE
OF_0OUT AFTER 1lh:
END behaw:

ENTITY andi I3

GENERIC (TP_LH : FEAL := 0.0;
TP_HL : EEAL := 0.0);

PORT (x1l,x2 : IN EIT := '0O';
¥ @ 0OT BIT := 'O'):

END ENTITY andz:

ARCHITECTURE behawv OF andZ I3

CON3TANT 1h : TIME := TF_LH * 1 sec:
CON3TANT hl : TIME := TPF_HL * 1 sec:
JIGHAL AWND OUT : EIT:

BEEGIN

AND OUT <= xl1 AND =2 ;
¥ «= AND _OUT AFTER hl WHEN AND OUT = '0' EL3E
AND _OUT AFTER lh:
END behaw:
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ANSOFT

the Modulation Block

Digital VHDL-AMS Modeling for
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System Modeling (SSPC, RPC,
Fuse, Circuit Breakers — control)

ENTITY i_t control IS

GENERIC |
rating : real := 1.0
1z
PORT [
TERIINAL winp : electrical; ARCHITECTURE DECLARATION arch i t control
TEFMINAL woutm : electrical:; arch_i_t_contro
??RHIHAL trip @ electrical ARCHITECTURE arch i t comtrol OF i_t control IS
. CONASTANT res : real := 1.0e-3; --rating®%(-1.5358) & 1.1143;
END ENTITY i_t_control; CONSTANT thres_start @ real = rating®l.Z:

QUANTITY wacross ACRO33 ithrough THEOUGH winp TO woutn!
QUANTITY wtrip ACRO33 itrip THROUGH trip TO electrical ref;

QUANTITY icurwve : real;
QUANTITY wcharge @ real:;

rating 10 BECTH

Trip Signal ithrough == wacross/res:
_| t control IF (ithrough >= thres start) USE icurwve == 1.0/)(726.3 * [(ithrough/rating)#**(-4.7308)];
— == I EL3E icurwve == 0.0;
> END USE;

Current FIOW wcharge == (1.0} %icurve'INTEG;
IF wcharge'ABOVE(1.0) TU3E wtrip == -5.0: . : H
ELSE vtrip == 5.0; Mam Relatlo_ns_hlp_ ]
END USE; For Trip Characteristic Timing

END ARCHITECTUEE arch i_t control;
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Simulation Validation of the
VHDL-AMS Trip Control Model

[g# Simplorer Schematic - [rs_crt_break_[Tcontrol sweep.55H]
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Summary
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Pawer Stage Design
* Duty Cycle (Input-Output relationship)
* L {Emit current ripple)
* C (limit voltaga rippla)
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ENTITY resistor IS

GENERIC (R REAL := 1.0e+03);
PORT (TERMINAL p,m : ELECTRICAL);
END ENTITY resistor;

Des

ARCHITECTURE behav OF resistor IS

n r
A

Ign Process using
SIMPLORER

VHDL-AMS

| ENTITY andZ I3
GEMERIC (TP_LH : BEAL := 0.0;
TP_HL : REAL := 0.0)1:
PORT (xl,x2 : IN BIT := '0';
¥ : 0UOT BIT := '0'}:
T |END ENTITY andZz;
£n ARCHITECTURE behaw 0OF andz IS
CONSTANT 1h : TIME := TP_LH * 1 szec;
CONSTANT hl : TIME := TP_HL * 1 3ec;

TN

: BIT:

State Flow

Equation Blocks

curent

ECTINE O

APCEITECTURE axeh_i_%_cemteol OF 3_t_contzel IS

& --caming®*{-1.5050
EeRl te TAEingTl.Z:

CONSTANT wes ; ceal i=
CORSTANT thras_seare :

QUANTITY vaccess ACROZS ithzough THROUGH wizp TO wouts;
QUARTITY werip ACROSS teeip THROOOH eeip TO electrial ref:

s

i T dewrs
UIANTITY veharge :

wasl:

BEGIN

ithreagh == TACEOBA/TEE

IF i

atace) I LOA{T26.3 * (dthrough zat

EL
END T

weharge == (1.0)Ticure INTEG:

I

END ABCHITECTURE meeh_t_t_conteol:

Ling) ** (-4,
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Conclusions

» VHDL-AMS is a very powerful Modeling language for not only
mixed signal (Analog/Digital) but also for mixed technology
(Electrical, Mechanical, Thermal, Magnetic, etc.) type designs.

» VHDL-AMS also allow the users to model based on characteristic
equations of a device and not macro-modeling (emulation of
equations using dependent sources, and other electrical
components) such as done in other type tools.

» VHDL-AMS is an IEEE standard and eliminates the problems
associated with other non-standard or proprietary modeling
languages.

» Don’t have to learn multiple languages

» Models will port to other engineering groups, or sub contractors that
may be using other vendors tools

» Gives Companies a wider selection of vendor tools without the loss
of IP
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