Hierarchal Models for the
analysis of a power buss

In some cases where the simulation circuit would get to big or cluttered with

detalls it is wise to use a hierarchal approach in a simulation. The hierarchal
approach allows the user to bury details into subcircuits and build commonly
used elements once. However, there may still a desire to have some control
over the subcircuit at the top level of the simulation circuit.

This presentation will demonstrate the hierarchal approach by way of a using
a twisted pair RLGC model whose electrical characteristics can be modified
with a single dimensional parameter (length). Also, the approach to translate
a SPICE deck into an AWB simulation will be shown for a new hierarchal
subcircuit model.
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Hierarchal Models for the
analysis of a power buss

We would like to simulate the power buss of a system and include detailed
models of the wires and subsystems. To do this it makes sense to build

hierarchal models for each wire and subsystem and then interconnect them
In a hierarchal simulation.

The wire model will use the RLGC lossy lumped element twisted pair model

with a slight modification for grounding and will change electrical characteristics
as a function of wire length.

One subsystem model which has been supplied to us as an Intusoft SPICE

model will be translated into the proper AWB format and integrated into the
hierarchal simulation
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We have reviewed the literature and found
a model for a twisted pair.

Twisted-pair
Twisted-pair
Twisted-pair
Twi=zted-pair

propagation delay
inductance
capacitance

Yariables u=e=d:

d Dianeter of wire (in.)

= Separation betwesn
wires (in.)

= Length of wire {(in.}

er Effective relative

dielectric constant of
medium betwesn wires

ANG  American wire gauge
tenp Temnperature (OC)
P Bullk resistivity of copper

&0 Thermal coefficient of

resistance
p o= 6787107 7 ohm—in.
Gp = 0039 per deg. C
temp = 20
awg = 1&
x=12
5= 088
ef = 2.55

TRANSMISSION LINE MADE FROM TWISTED PAIR UIRE|

Formula= included in this spreadsheet:

characteristic impedance

In our case the temperature coefficient of
the wire will be ignored, i.e. temp will be
set equal to 20°C.

This MathCAD program is used to calculate
the R, L and C values for the wire we would
like to model.

Hierarchal Models for the
analysis of a power buss

Using this program the user could determine

awg+10
20

Conversions between Ansrican

Wire Gauge (AWS) and diameter {in.): DIAMETER (awg) = 10

DIAMETER(16) = 0.0501

new R, L and C values based upon other
wire types. Or the model could also be
changes to pass these wire parameters.

d = DIAMETER(16)

AW = -10 - 20-1og(d)

General formula for
resistance of a round wire ()

4n
RROUND(d,x, temg) = sz-[l + (temp — 20y 8p]
m-d

Feziztance of a round wire specified
by AWG =size instead of diamester (50

RROUND_AWG awg,x, temp) == RROUND(DIAMETER.awg) ,x, tetup)

Characteristic impedance of twisted pair (00

w2
ZTWIST(d, 5, 69) = —-m(—s]
e d

Propagation delay per in. twisted pair (=-1in.):
PTWIST(ef) = 24.72-10 12-\{?:

Inductance of twisted pair (H):

_ 2
LTWIST(d, % = x10.16-10 g-m[fj

Capacitance of twisted pair (F):

7065107

(%)
d

CTWIAT(d, 2, et,%) =
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Fezistance of a round wire specified
by AWG =zize instead of diamster (23

Total inductance (H):

Same result in nH:

Total capacitance (F):

Samns result in pF:

Capacitance per 1n.

LTWIST(d, 5,8 = 12171 x 107

- ~-o

LTWIST(d,s,xj-ng(f 1217079 7

(Hy:

Build our model and
compare our electrical
characteristic to the
calculated values.

Inductance per in.

LTWIST(d, 5,13 = 1.0142 % 10° 5

CTWISTCd, 5,00, = 21657 x 107 11

CTWST(d,s,er,x)-mw\f 21 6566 _y

(F):

CTWISTCd 5,00, 1) = 18047 107 12
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A subcircuit model is built and shows
that for a 1 foot length of wire the

simulation results match the expected
results. Feziztance of a round wire specified
by AWG =size instead of diameter—(_.Q_)_:- equals 2X for two wires J
/’ :
RROUND AW awg,x, temp = 4.1283 »« 10 E: \
S -
Characteristic impedance (83 \\\ﬁ
_—— _ DC Meter: wire_Nest SPICE PLUS
== =1 | ieaa ==
TG Total inductance (H): \\ \Ehamrve\ Display Ua\u* -
o 1 DC Set PRB(U) /PRBC(I1> 8. 2627 mohm E
— 7 ET& OC Set
LTWIST(d, 8,5 = 12171 x 10 .y
T 3 DRSEL
0
Same result in nH: ‘x ég: v
\ Printed at: Oct B4, 2082 @7: 48 AM
P, \
LTWST(d,s,x)-mg(g 12070797 ..., L i ‘\
LENGTH=12\UARTIABL E e e dm. () s
16U ﬁ LTWIST(d, 8, 1) = 10142 3¢ 10~ & _ * N ;
A \
) tog x> T, xebs | veas Freas Forkers oty
Total capacitance (F): 0 =
DC_UALUE=1 I=EI=CT m-.H iz [hs][ma I I
CTWIST(d, 5,60, = 21657 = 10 It
Same result in pF:
- 12257 22>
CTWIST(d, 5,e0,%)-10 7 = 216566 r—[i— —||__
E S -~
A test circuitis built to test thg model. EepEigemEs pom dm. (5
In this case the R, L and C will be NN
- _12 LB 11 ) s 301 1) 1 e 1 e B
measured as well as the characteristic CTWIST(d, s, er, 13 = 18047 » 10 i e RN 1o 1e0r th
. h Hz
impedance Zo . — P et [P —
7 As can be seen there is a good match ~ S
Channe | Lock|Disp lay Cmp X Sca'lesdyy |Fune Value
between the MathCAD program and AWB Do o || o [o o B s ]
simulation results. The model is validated 0 2 ret st | on PrBc12:/PR8 196 |10.8 ps S [Qu—— —PP|21.653458 p5 |
and can be used for simulations. 05 ret set | on SoRTcCL/CR) |vRG  |seB 77 ve | = P{7a.008499 2
|| Printed at: Oct @4, 2002  @7: 47 AM
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Hierarchal Models for the
analysis of a power buss

Now we will build the hierarchal model
of the wire.

ISR EEE

Attributes

Step 1: Draw the base schematic for
the RLGC model and define each
value as function of R, L and C.
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R 2

— lE8BEMEG

D
A

Hierarchal Models for the

Concept—HDL — [WIRE1.DOC.3.17]

L4

B

L4

B

Ro2

lEaaMEG

This is the completed schematic model
we will use for the twisted pair RLGC
model. We also added 1000MEG resistors
to insure that there is a DC path to ground
for all nodes.

Next we will need to add the variable table...

Cx1

LEABREAMEG
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Concept—HDL — [WIRE1.DOC.3.17]

Attributes

((LEMGTH*0.7085"1 0r—123/(LN((Z*5)AD)))*ER |Both
(LENGTH™ 016 1 0~- B) LN {{Z"5)WD) Both
A ROPLENGTH)(FI"WD~2) Eoth
0.066 Eoth
255 Eoth
0.0501 Eoth
6.7E7E-7 Eoth

g é a Eath
a 2 1} MNane
12 MHaone

A~ I

24 MNone
MNone
MNone
Mone
Mone

1BEaMES;
1BEaMES:

Step 2: Add the variable table and
define the R, L and C values as
functions of wire length.

Other variables are used to define R, L
and C but only length will be passed
through the body.
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Concept—HDL — [WIRE1.DOC.3.17]

ORARING | AT _MODIFIED=Thu
WIREL, SCH. 1.1

Gct

g Jeer Uarrables:

LEMGTH=&

Ri= . TZTE-7

WO=E, 581

EE==Z.Z5Z

Z=8. 0853

F=:{4%ROkL ENGTHY» {FIkD™Z)
L=<LENGTH=®18, 1% 18~=3»*LHN
C=<{{LENGTH*E, TEESx1lO~—1Z)

1QBaMES

- 1GEaMESD

I
e

m
o
-

1QEaMES
1QEaMES
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1412182

=] =]

SHD oy s kER

Here is the completed schematic model with the
variable table.

Next we will need to build the body ...
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analysis of a power buss

Concept—HDL —

Step 4: Add dots to the body where
you want connections.

Step 5: Add signal names to the dots

Concept—HDL — Signal Name that match the schematic signal Concept—HDL —

names.

| B | & | =[5

1EAKG
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Hierarchal Models for the
analysis of a power buss

LENGTH
PATH 2
TOL_ON_OFF/

Mone

=
o
2
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And your done.

WIREL.SCH. 1.1

@ User Variables:

WD=0.

Or DUM=21o
1080

10OBMEG

D
/
-

B\

—

10OBMEG

_DRAWING | AST_MODIFIED=Thu Oct 3 14:13:23 2002

This is an adaptation of the basic
lumped element RLGC model which
provides some minimum distributed
impedances. G is not included.

/WD D O kER

O}
Ll
>
Q
S
Q
—

3l
AY
N

Only the values
are shown.

Hierarchal Models for the
analysis of a power buss

Where,

RO = bulk resistivity of copper (ohm-in)

WD = wire diameter (in)

ER = effective relative dielectric constant
of medium between wire in this case
the insulation is ETFE (2.5 to 2.6)

S = separation between the wires (in)

and

R, L and C are calculated based upon
length...

10OBMEG

1000Meg resistors added to model
so all nodes would have a dc path
to ground.
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R, L and C are all functions of length so the
equations for each can be written as expressions

the model. Length can then be passed through
the body to modify the R, L and C values.

where length is a variable attached to the body of

LENGCTH="NUARTABL E

S ——

16AKG

7




Hierarchal Models for the
analysis of a power buss

_DRAWING | AST_MODIFIED=Fri Oct 4 08:20:35 2002
BEPAIRI6AWG. SPICE. 1. 1

@US@F Variables: )
Schematic
LENGTH=0
LENGTH=?\VARIABL E
o1 B———I5
P ONT

X 6 PAIR 16 AWG

Body Once the base model is built it can
P be expanded in a hierarchal fashion to
build more complicated models. In this
> . . case all the models used here are
: Now we will expand the base twisted hi
< - - . L == hierarchal.
<. pair model to mimic the cables used
4 S~o in the system. 4
~ N N 7
> s N
N
AY
AN
N
\
\
\
\
‘v CONNBTO3 [SSNYE] L=e. tun
CONNG LENGTH=26\UARIABL E CONNG LENGTH=11. S\UARIABLE z
——g— ———
=
6 PAIR 16 AWG 6 PAIR 16 AWG

CONNZ CONN2 CONNZ CONNZ
LENGTH=26\UARIABL | LENGTH=11. S\UARIABL RIABLE

[ ————

2 PAIR 16 AWG 2 PAIR 16 AKWG 2 PAIR 16 ANWG

PCE

- CONN3 CONN3 CONN3 CONN3
LENGTH=37. S\VARIABLE LENGTH=11. S\VARIABLE LENGTH=B7\VARIABLE
= | - ————
| o —<—|

3 PAIR 16 AKG 3 PAIR 16 AKG 3 PAIR 16 AKWG

TRUSHI1.SCH. 1. 1
_DRAWING | AST_MODIFIED=Fri Oct 4 08:27: 12 2002

Imagine how complicated this
schematic would be if it was
hierarchal schematic drawn as a flat schematic
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Hierarchal Models for the
analysis of a power buss

We were given a SPICE deck for one
of the subsystems that we want to
translate into AWB and place in our
hierarchal simulations

4
In this case a SPICE model exists that
8s we want to import into our simulation.
e i T The model has a three page schematic.
g
v
T gknn Los  Zrm oi08 SRk *Dﬁ
LK DBEOCETS % 1K CBCOETS 41K DOB305TI
qbﬂﬂ]'u L - L -
UiReub 2y iMDeC) S0
Ve, < R £ Aok LR
e 0007 o 0.007 :.m:o:'
s L2
}'ﬂﬂ.li }Iiﬂh ?im T\.lam
i+ 13
%m ?;T;:P mﬂ 20 %‘ﬁmﬁlmmt PULEE
100
Chank CTRAP -
‘:m 621y st '5!;-':“'1- =
>
e v — Also, we have discovered that the
= 0.0 “limiter” does not translate into AWB
1 1 = . _ _ J directly because and the model for this
L stage must be converted into the AWB
i THDEST -7 - model.
W
AC=0
Ty
L
Izin
?.ﬁcn
s0.08%  adjusted for 28.38V bus
erme e o
We will also need to define the it AN W o Lemen Loseor | csecr
inputs and outputs of our model. oacon 311 I""’ ek e
In this case we will pick VBAT i 1 = . -
as the input and IDC and I3 to - = 0
be our outputs. We will also
define ground as an 1/O in our = =
model. This is an Intusoft SPICE model of
|74 the buss power supply.
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analysis of a power buss

Page two of the Intusoft model.

n2v
0.004
J_cncm J_c15 .
12 78D
e i X 1NS531B
:; ROCCRIAS
ROCCACT < ROCGACT] .
ELL3 I = RRAMP2EV
80K
ZEY  apn
QDCCAMP1
2N2E07A AnCCoec
b
QOccAMPE
4 INZIZZA
* RISUM D
15K DCCAM
CIRECT DIOFFS =
BEIFBK R37
Current 14148 1180 THA1a8
den KT
R332 R34 ==y oy =T 0.068uf
1" 100 Vendoe2
o
HVIBOOST)(VIDCC) 0 667m WWh——
ROAMP2E
475K

L%éa
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Hierarchal Models for the
analysis of a power buss

Page three of the Intusoft model.

- In this case the multiplier also does
____________ not convert to AWB so it must be
replace with the AWB multiplier model.

1
|
1
5.

- E11

- B 0.0z
E10
100 Dz
0 T CROLY
50 [\
-1
- RE4 SRET
50 L10MEC
= = = -T (5] 15
CROLY ke 0.001
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The SPICE deck for the model must be
dissected to determine to translate it into

the AWB format. With the exception of

the two circuit models that don’t translate
directly we will also need to remove SPICE
options and replace node names with node
number which have not been used. A
simple text editor can be used for this option.

1)=7.0

4

3V(44)=25

IONS gmin=10n reltol=0.01 rshunt=100meg
BAT 1 0 DC=21

RBAT 1 2 0.021

RHARNESS 2 3 0.004

L1 34 0.2NH

RBATFL 4 5 0.01

CBAT 5 0 360UF

D1x 4 Vevb2 _DBAT

.MODEL _DBAT D BV=45 CJO=5.915n IBV=1 1S=924.7n M=0.3333
+ RS=2.018m TT=417ps VJ=0.75

D2x 4 Vevb2 _DBAT

D3x 4 Vevb2 _DBAT

R4xx Vevb2 0 10K

R5xx Vevb2 7 10K

RBANK Zbus 15 0.062

BEVBOOST 7 Vevb2 V=V(Vevb2)*V(VDCC)

I3 Zbus 0 DC=0 PULSE 0 8 100US 1US 1US 400US
VIBOOST 8 9 DC=0

R6xx 9 10 1K

R7xx 10 11 0.007

L2 11 Zbus 120UH

D4x 9 10 _DMODBST

.MODEL _DMODBST D BV=150 CJO=1.457n IBV=100u IS=7.5u
+ M=0.3333 N=2 RS=0.1m TT=123.3n VJ=0.75
R8xx 9 13 1K

R9xx 13 14 0.007

L3 14 Zbus 120UH

D59 13 _DMODBST

R10x 9 16 1K

R11x 16 17 0.007

L4 17 Zbus 120UH

D6 9 16 _DMODBST

Cbank 15 18 621u

LBANK 18 0 10nh
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LTRAP Zbus 20 2.6uh
CTRAP 20 21 30uf
RTRAP 21 0 0.041
RBUSFL Zbus 19 0.0083
LBUSFL 19 22 3.3nh
CBUSFL 22 0 0.3uf
RMINLOAD Zbus 0 100
IDC Zbus 0 DC=20

EEA 24 0 34 31 300K
RZBIAS 69 23 2.89k

D7 0 23 DN827A
.MODEL DN827A D BV=6.153 CJO=100P IBV=7.5M 1S=4.07F M=.33

+ N=1 RS=6.54 TT=55.1N VJ=.75

CREF 23 0 0.1uf

X1x 24 25 LIMIT { K=1 PLIM=23 NLIM=0 }

.SUBCKT LIMIT 1 2 {K=??? PLIM=??? NLIM=???}

*Connections: In Out

*Parameters: K Gain, PLIM Positive rail in Volts, NLIM Negative rail in Volts
RIN 10 1E12

E13001{K}

RC1 2 4 IMEG

Cl1241FIC=0

R1 34 1IMEG

E22004 1E6

*DIODES WILL HAVE .0597V DROP AT 10V INPUT FOR GAIN=1
*IDIODE = IS*EXP(.597/.026)

VN 5 2 {NLIM-.0597}

DN 4 5 DN

.MODEL DN D(IS=1E-12 N=.14319)

VP 2 6 {PLIM-.0597}

DP 6 4 DN

.ENDS

R17 25 26 9k

D8 26 27 DN4148

.MODEL DN4148 D BV=100V CJO=4PF IS=7E-09 M=.45 N=2 RS=.8
+ TT=6E-09 VJ=.6V

Q1 30 27 Zverr QN2222A

.MODEL QN2222A NPN BF=205 BR=4 CJC=15.2P CJE=29.5P |
+ IKR=.225 1S=81.1F ISE=10.6P NE=2 NF=1 NR=1 RB=1.37
+ RE=.343 TF=397P TR=85N VAF=113 VAR=24 XTB=1.5
R18 27 Zverr 5K
RQOUP Zverr 28 2420
RQOLOW 28 0 804
R21 30 69 395




You will also need to pay attention to
the length of the lines in the SPICE deck.
The “+” sign is used to concatenate lines.

35 2.36m

ENSEN ZJEN 0 18uf
CSEC1 ZJEN 37 0.55uf
RSEC2 37 0 30

CSEC2 ZJEN 38 4.8uf
RSEC1 38 0 62

E12V 39 0 ZJEN 0 0.4726
E_4Vv042ZJEN00.178
R30 39 0 10K

D12V 39 40 DN4148
R12VFL 40 41 30

C12V 41 0 10uf
D4_RECT 43 42 DN4148
R_4FL 43 44 10

C_4 440 8.2uf

BFIFBK 45 44 |=I(VIBOOST)*I(VIDCC)*0.667m
R33 45 44 1K

DIRECT 46 45 DN4148
R34 46 44 100

Cl1 46 44 0.82uf

RIDFFS 46 47 15K

Cl2 47 44 0.068uf
RQAMP2E 44 50 4.75K
R37 46 48 1180

DIOFFS 47 48 DN4148
RISUM 47 49 15K
QDCCAMP2 Zdivb 49 50 QN2222A
D 49 0 _DCLAMP

.MODEL _DCLAMP D CJO=1E-18 EG=0.1 IBV=100n IS=1u

+ M=0.3333 RS=100u TT=50ps VJ=0.75 XTI=0
QDCCAMP1 49 51 52 QN2907A

RDCCACL1 52 53 30K

CDCC1 53 55 1240pf
RDCCAC2 52 54 30K

C15 54 55 780pf

RDCCBIAS 55 52 15K
RDCCQ2C 55 Zdivb 22K
R2VA 41 55 200

D11VZ 055 _D14_mod
.MODEL _D14_mod D BV=10.94 CJO=44.2P
+ IBV=1M IS=2.07N M=.33
+N=1 RS=64.1 TT=50.1N VJ=1
R46 Zdivo 67 100

QRAMP Zdiva 57 60 QN2907A
D15 58 51 DN4148

R2VB 55 57 200

R5V 57 58 500

R3V 58 0 300

RRAMP2 60 61 10.5K
RRAMP28V ZJEN 60 89K
DRAMP 61 41 DN4148

112V 41 0 DC=0.004
RRAMPMAX Zdiva 63 13.889K
RDIV1 63 Zdivd 10

RDIV2 Zdivd 0 100

RRAMP1 61 65 28.6K

RBUFL 65 Vevb2 1K

VRMPO 0 63 DC=0.7

CBUFL 65 0 0.47uf

BFIBATT Vevb2 0 I=I(VIBOOST)*I(VIDCC)
R71 67 0 10MEG

GDCCLMP 072 73 0 100

D2 072 _DCLAMP

D3 72 86 _DCLAMP

B5 7 8 V=0.00367*I(VIBOOST)+0.00833*|(VIBOOST)*I(VIDCC)

V8 69 Zbus AC=0
EVNUM 71 0 Zdiva Zdivb 1
R1x Zdiva 0 IMEG

.MODEL QN2907A PNP BF=154 BR=4 CJC=20.8P CJE=15.6P R2x Zdivb 0 IMEG

+ IKR=.21 1S=381F ISE=15.3P NE=2 NF=1 NR=1 RB=2.21 EVDNOM 74 0 Zdiva Zdivd 1
+ RE=.552 TF=636P TR=63.7N VAF=139 VAR=20 XTB=1.5

+ |KF=.14 RC=.221

RDCNEG 44 Zverr 3k

RDCIN Zverr 51 15K
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R3x Zdiva 0 IMEG

R4x Zdivd 0 IMEG

R5x 71 77 1K

R6x 77 78 1K

R7x 78 0 IMEG
EGDIV790077 1E4

X180 7478 MUL {K=1}
.SUBCKTMUL 1 2 3{K=???}
*Connections: Inl In2 Out
*Parameters: K Gain
B130V=V(@1)*V(Q)*{K}
.ENDS

R8x 7401

R9x 7901

R10 79 80 1K

EDIVOUT Zdivo 00 80 1

D19 0 67 _DCLAMP

R12 Zdivo 0 IMEG

RC3 86 87 100

D20 67 68 _DCLAMP

V6 68 0 DC=10

VIDCC 87 0 DC=0

R4 86 0 1.010101

D4 72 88 _DCLAMP
VDCCLAMP 88 0 DC=100
ECLDC VDCC 0 86 0 0.01

1zin 0 Zbus AC=1

R6 VDCC 0 1IMEG

E1059 0 67 0 100

R83 59 75 50
T175076020=50 TD=1U

R84 76 0 50

D22 76 81 _DCLAMP
R85 59 82 50

R86 82 0 50

D23 82 81 _DCLAMP
E11 73 0 81 85 0.02
R87 81 0 10MEG
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Je—

Concept—HDL — [NEWPRUZ2.5YM.1.1 [in hierarchy]

ﬂ File Edit Wiew Analog Component Wire Text Block Group

[pzeas HElp|e[ane PBE|aaaa]

il

File

e —

L-?H hl

| Object: Svymbol <standard>ORIGIN

o
e
n

Hame

Yalue

Visihle Align

Left

Mone |

Cancel

Help ‘

|| start DEVICE_ INFO

MODEL_TYPE=570
SYMBOL_NAME=newpru
end DEVICE_INFO
start TEXT PRE-ANALYSIS

RAW_SPICE :="

*VBAT 10 DC=21
RBAT 12 0.021
RHARNESS 2 3 0.004
L1340.2NH

You can add comments to your SPICE
deck by using the “*” at the start of a
line...

RBATFL 45 0.01
CBAT 5 999 360UF
D1x 4 100 _DBAT

+ RS=2.018m TT=417ps VJ=0.75

15 85 999 DC=0.001
16 81 999 DC=0.001

p) [s] I K3

o /
LAl NEW
GIND gito]

o 7 ELIS €=, _
E:ReiNin

-
- e

AN

* VA=1
*VEVB2=100
* ZVERR=200
* ZJEN=300
* ZBUS=400
* VDCC=500
*VIDCC=600
* Zdiva=700

* Zdivb=710

* Zdivd=720

* Zdivo=730

* GND=999

2|
j\aﬁr
Il

~ S N
~ s
=

end TEXT PRE-ANALYSIS

start NODES

[On b+ - | EEEE

sela =t

e

— . pTERM(VA)=1
~ — HTERM(ZBUS)=400

select object

|Mode : attribute

I

- -pTERM(GND)=999
end NODES
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.MODEL _DBAT D BV=45 CJO=5.915n IBV=1 1S=924.7n M=0.3333

Build the body to match the SPICE deck.
Notice that the names on the body match
the terminal names used on the body.
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Step 1: Add the following to the start of the SPICE deck...

start DEVICE_INFO
MODEL_TYPE=570
SYMBOL_NAME=newpru {you define this}
end DEVICE_INFO

start TEXT PRE-ANALYSIS

RAW_SPICE :=*
(insert the SPICE deck here)

Step 2: Add the following to the end of the SPICE deck...

end TEXT PRE-ANALYSIS

start NODES
TERM(VA)=1
TERM(ZBUS)=400
TERM(GND)=999
end NODES

Term are based on the
1/0 you have chosen.

Step 3: Move SPICE deck to UNIX side ...

Will need to do the DOS2UNIX command to eliminate line feeds

Step 4: Build model body ...

Test you new model and your done!
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Now we can simulate a very large design
TN R BV T T eRelelpTo et RS Sy Voo n cept=HDL = [IRUSHA2.SCH.1.1 [in hierarchy]]
to manage. Plus we have the option to
change the wire length on any cable to
determine how the performance of the
system will change.
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