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Export Edit Bus ParameterLibs  Project itor  Simulate  Beport  Aiew  Optio

i File

|s@aeae |Kaaa b [Fl«r i ||
JJ DebugHunl JJ@ N = |Q JJ S = |$Seﬂrace:

maal | Add Bus elay | Setup | Sanple WL | L] TRI | vl ineal| s WLD
Add Clock dd Spacer Hold || Tewxt || Farker — =] ===]-""| - ==

4' e | 485.2nsfone  [i0ons  [200ns  [E00ns
Add Clock — csal— L f LT

2l
Mame: [CLKD
Reference Clk: INone ﬂ
Freq: I 10, © KHz[us
_ % MHz | ns
Petiod: T Hz | ps

\ Period Formula: ex. Z*CLKD. periad
Jtoo
\ Starting Offset: I 1] I u]

Dby Cycle %: I 50 I 50
Rise Jitker {range): I i} I 1]
Fall Jitter {range): I i} I 1]

—Buffer Delay

MinLtoH: | o o
Max L o Hs | o[ o
MinHtoL: | o o

| 0

CLK1 Period Formula 2*CLKO.period echioL | |—

C L KO Falling Delay Correlation: I 100 %
Rise to Fall Correlation: I 100 %

[~ nvert {Starts Low)

|<| L3 K| Ok | Caneel |

—
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.- Verilogeer Pra - [Diasram - Waveform_Equatis

w Eile Export  Edit Bus  ParameterLibs  Project Egltnr Sin i llil
H@|U|ﬁ|ﬁﬁ|ﬁl ﬂ@l@\lgﬁl@\l HM H |‘ . Mame: |51G3 [~ active Low
Simulate Once Analog Frops Grid Lines

| oeorun | [ sl Dol 1] 2] | 5] - = ' ' '

" = * Drive O Simulate  © Wakch " Compare
Add Signal | Add Bus Delay § Setup || Sample
mﬁl Add Spacer Hold I T2t | Marker lﬂEi—H L—D\\f LFE E Boolean Equation: ex. (SIG1 and SIG2) delay 5 I

——

za0.ons | 181.2nsfiors | ppons |, Toone ! =l

Clock: ILIncIcu:ked 'I Edge/fLevel: pos hd
Wim Eqn: Z20ns=0 20ns=11"4 (1 g, INotUsed 'I Clear; INntLlsed "I

SIG0 j' 'l f 1 j' Clock Enable: INot Used 'I Ml
{* Boolean Equation © Yerlog ¢ wHDL  © TE
wifm Eqn | fiz0=wy*10 =
Label Eqn | IHex(RandInt(lDJZSS)) -

Wfm Eqn: Bns=7 (5=1 5=0)™

Size Ratio:

[ analog Display

=l 1] LY
p kd_logi s i g
an: (20 = ) * 10 YHOL: IS _logic I Werilog
Label Egn: Hex{RandInt{10 255) madiz; Ihex vl Bus MSB: |0 L
bf | 9a | 21 ] 1c | 7e | &5

[™ Faling Edge Sensitive [ Rising Edge

a4 | Cancell .ﬂ:plyl Prew I ezt |
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Setup Hold

[Setup] [Hold]

Ons 20ns 40ns 60ns 80ns 100ns 120ns 140ns
I s s e e e e o I I O O O O O O O O

End Diagram

[/ \

DFFtp

\ /

Qoutput

L 04 J name min %x margin comment
Dinput Qoutput

i " DFFtp 18 na (delay) clk to Qoutput propagation time
INVtp 3 11 rrefereteny W/ inverter delay
clk —>
Setup 25 -4 Clgeck for metastable condition
Figure 1: Tutorial circuit Hold 1 28
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[Wfm Eqgn]
[Label Eqgn]

‘Ons ‘50ns ‘100ns ‘150ns ‘ZOOns ‘250ns
|11 | || | | | ||

Wfm Egn: (20ns=0 20ns=1)*4 (10ns=0 10ns=1)*5

SIGO

SIG1

Wifm Eqn: (20 =V) * 10
Label Eqgn: Hex(Inc(0,2,10))

sici2fo|2]4a]6[8]alc|]e]10]12

Wfm Eqn: (20 =V) * 10
Label Egn: Hex(RandInt(10,255))

SIG3| bf [9a]21]1c|7e|e5|eal fc | 6b] a5
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Examples

Ons |50ns | 100ns |150ns |200ns HS |350ns | 400ns |450ns :
[ 1 [ I 1| | [ [ [
Realistic Data Book DocumentaticpeFeatures 457.04

Realistic Data Book Documentation Features

SIGO \ [ \
I—tpd—'| \—'(Boldnames
L] |

wme-break has com;*)resed time 50ns

SIG1 “ I L
1) Rich Edit support for parameter names, text objects, and comments
SuperScripts CRTL-U (up) ex: hello VP There 3) Text and Edge Grids
Subscripts CTRL- D (down) ex: hello 5o there Choose the menu item Options - Grid Seftings
Bold CRTL-B ex: Big and Bold Experiment with different settings
Italic CRTL-I ex: Amazing Drag-n-Drop text objects and signal edges

. Notice how they move with different settings
Make me Bold Supersc"Ptsub____ italic
scrip

Make me Bold SuperScript Subscript Italic

CLKO select clock segment\ l—\—xu—\ I_

TestBencher Pro InterLink

P

SYNAPTICAD



MS-Word

Windows
|500 S | |2.0us | | | | |2.5 S | | |4.0us |

clk

SAMPLE2
P i 5S XX )
P If idata_valid=Valid(1)
/' valig \ \\ / valid \ \\
L If idata_valid=Valid(1) then
acTQ \\ ack \\
- 18 clock (min.) —“I

1 clock:(const)

idata[31:0]

idata_valid

idata_ack

A i SAMPLE1
ikey[31:0] X K 1Y nothin \N W K 1 7 nothiig \S
ikey_valid Kval /inval ? X N\ Wal /inval X \N
mode \ Mode y4 AYY X o2 X \S
~ ™process: 16clock (const.)
- > eatecy—t8ctock{const) -
odata[31:0] A} X [ \§ )L C3 /P b
odata_en \\ /e/naT\ \\ /{"F\
|<_’| 1 clock (const.)
A A
Data input Caléuldtion Data output
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MS-Word
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e Windows
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' IE v Tl S from Same
3 ~Marging Dlagram
[ Ima From: [75 Ta: [0 bl
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Wi O i
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Image £ z s HES
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“‘-...___‘_ il o Creats bmags Fils — Obgsels lo Print
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Piint ta: E.S Encapsulsted Postzcn I Pink border bo e ‘\\\
Choose “Scalmg (10-200%) 1l
: Choose
Either % Haiizantst (100 “Weteal 100 Which
Timing Humbes of honzortsl pages: |1 Objects In
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MS-Word

.- [ataSheel Pro

File Egport Edi Busz Lbranee Repost Miew Option: ‘wndow Hep
|

4 5i n - .
FGH [LOW THI | WAL {18l
O L E A Clack, I andd Spoca B Hold | Tewt | Pl e = == == 2 \JL'IH.' ‘i‘J\_I_-E
271.7ns 1581.1na Nns o pes !|mln3qs
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TestBencher Pro in il
N\

fe—rteurg ST _ciL
I H_HIL
e tgCIH_HiH
I R
HCIN_HAL

L

——ldisHIH D7
HCIHLFEH
S |

- ~Ten H1 Clock €
| E—— e WA |

I | = ; 4
i \\f\\u-‘/ i

{tdisHIH_AZ
4 [+)A] |

sca Paomoter * Figuie 20, tim

dddd Free Patance: I

RESET

f,

»
@

name min  [max imalgln commant
1suRESET_CIL 11 il.?z Setup ima, Reset bafor
10 [2.428,5.572|
0 [24265572] | Delay time, CLK hight
30 Ten H1 Clock Cycles
;tsuFESI:_l'H_‘HI L (9 1445 Setup time, REEET high
{HRESETH_COMM 15 i {delay) Delay time, RESET high
by na (elay) Cuzable time, RESET oy
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TestBencher Pro

HDL
=>
<> TestBencher
<>
TestBencher
<>
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&

&

< MUT MUT
=>

< Sample MUT

&

TestBenchcr Pro InterLink

SYNAPTICAD




TestBenchcr Pro

)

TestBencher Code Generation

File Save

B.TIM
VaYm i .
1agrarm
A-TiM f enerates
j_\_f_\_ Transaction B.V
/] Coce
AV —
X . —
' SR
Generates > S —
Top Level Make —_—
and Diagrams TB
TEENCH.V TEENCH.V
f'macro
imacn
dend macro b-
ftend macro
Toplevel Test Bench
ifsequencer * Msaguencer
InterLink
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MUT

TestBenchcr Pro
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MODEL UNDER TEST

Write Cycle Read Cycle
— Component cnmpnﬂerlt —
Genarsled from diagram Ganerated from diagram

SEQUENCER PROCESS

axecUling sequencar procasses

SEQUENCER PROCESS

hpply Write {(data, addr)

Epply Read (addr, data)
if {data == goma wval)
{hpply Write {...)}
elae
{Apply write (...)}

(Cptional} concurrenthy

L

InterLin

k
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makeTB

makeTB

makeTB

E zramtest v _betore_makeTBa

A sFileutputConponentInstantiation
/4 End gFilefutputConponentInstantiation

A gInitializeliagramsTask
A/ End $InitializeliagramnsTask

I $DefinEDiagram¥asks
A4 End shefinelDiagramTasks

/4 sResolwerProceas
// End §ResolverProcess

A7 §UserDefinedMethods
A7 End §UserDefinedMethods

A4 gMischunctions
A4 End sMiscFunctions

E:::r‘amte_. ¢_atter_makeTBaw _ e .

S sFiledutputConponentInstantiation

/4 There are no output £ile associations being used (set i

Sé End sFilefutputConponentInstantiation

/4 dInitializeliagramsTask
tazk th_initialize_sramtest w;
begin
#0:
end
endtask
4 End §InitializeliagramsTask

ghefineliagranTasks
ask Apply thwrite;

input [7:0] addr:

input [Y:0] data;
begin

J,,'J,Hm*#**wﬂr*wﬂm#**w#**w**
/4 Inztatiation of the Mod

IN3 Row: 11 Lin

TestBencher Pro

T\ _\_\

-

thwrite_addr = addr;
thwrite data = data;
thwrite th_trigger = “TE_ONCE:

5 Row: 16 Line: 150 Col:

InterLink

1

=10l %]

s
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makeTB

makeTB

makeTB

E:E:ramte:z v_before_makeTBw

SRR AR R AR E TS AR T EIRAAANTEEETAANNS FHEHHFFAIART SIS AIFTES

F4 Instatiation of the Model Under Test will be generated
/4 beneath this comment block.

/4 Example: thsram thsram0(C3E, WERE, ABUS, DEUS)

ol el el e O O O R R e e e e o
F4 slhstantiateMOT
/4 End §InstantiateMUT

/4 §TESubComponentInstantiation
A4 End $TESubConmponentInstantiati hALJ'r
#4 Bequencer process
initial

begin

=13l x|

[

stimeformat(-9,3," ns",7):
logfile = ffopen( testhencher.log™);

dfensure all diagrams initializ=e before applvihg them
A gInitializeliagranTaskCall

|Row: 11 Line: 90  Col: 26

TestBefg\chg\ Pro

-

E zsramtest v after makeTBx .
jfﬁ#w#w#wﬁwﬁwtw*wﬁw*Wﬁ#ﬁ#ﬁ#ﬂ#ﬂ#ﬂ#ﬂ#ﬂ#ﬂ FHEFTFFTFTFAFTITIAITSN
AF Instatiation of the Model Under Test will be generated
/4 beneath this comment block.

/4 Example: thsram thsram0(C3E, WRE, ARUS, DEUS)

sl ol ol ol il ol o el Wl el W sl ol Ol el

F¢ flnstantiateMOT

=10l x|
[

J4 User Model Instantiation
clksram clksram |
.CLE (CLE),
LC3B (C2B),
-WEE (WEE] .,
ARTS [(ABTUS) ,
DEUS (DEUS) ) :
/4 End §InstantiateMUT

A4 §TB3ubConponentInstantiation

A4 End §TESubConponentInstantiation

I3 |Ruw: 13 Line: 382 Col: 26 -

InterLink V=
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TestBencher
SRAM Tutorialb

Module Under Test

ME(UeHCEY
1 aRAM
Fommmm Apply_Thwrite
Lo Apply_Thread [nder Test
porTTT Apply_Thread
P H CSE
o I | wRE
E L___ ] Fead Tranzaction
i Component 4 M sELS
E_ ______ | rite Transaction 4 M OBEUS
Component ey
TestBencher Pro InterLink
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TestBencher

SRAM Tutorial5
v' SRAM
v Verilog
TestBencher Verilog
v' Sample
v e /Verilog e
v Sample e "expect"
TestBenchcr Pro InterLink
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TestBencher

SRAM Tutorialb
[ H-
v'MUT
v'MUT =
| 2. |— tbreset
(thwrite)
(tbread)
| 3. [makeTB] i) |
= :
B |
TestBencher Pro InterLink

0\

/ /
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TestBencher
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®.- TeztBencher Pro 5
File  Export Edit Bus ParameterLibz  Project Editor  Simulate  Beport  Wiew

|zsmape [aaaa [h |[FKriH | e OpenVera

JJ Del:uugHunl ”IBNGI’”OQ Jb'".'r”fﬁE JJ ’ M P»@ H

Mew Project izard

Project Mame; Isramtest

L

Project Directory; IC:¥Eda¥synﬂﬂg¥prDject¥

. roject Location: iZ:¥eda¥svnSSg¥project¥sramtes
o Praject Locati ¥eda¥synBag¥prajectésramtest
h—
. - Project Tvpe \/
Project Language: |Verilog j % TestBencher Project
Yerilog . .
' Enable TestBui{yHDL o3 i VeriLogger Project
OpenyeraVerilog
OpenyeravHDL Prey | Mexk I Fimish |
SyskemnC

CLK
FRAMER

¢ /|2 fHDL e
TeskBuilder MYerilog

man. ez

TestBenchcr Pro InterLink V=
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TestBencher
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1.
v MUT v MUT

JJ DebugHun| J“‘sferilog (' =

Project Hierarchy Directn
B [ Simulated Model

B <clsram:

T Stimulus & Besults (SimulatedDiagramPesultbtim?

Component Model (sramtest_ v

L Diagram - sramtest v _templateDiagrambtime

i Add Bus Lﬂmmm H LI:I"-.-'-.-" TH '.\,.",-;-,'L
Add Clock || Add Spacer
i |1 IIIIIIInsI

[#) Clazz Library List
[ Verilog Class Methods
E- [ Tranzaction Diaerams

|t[:| Test YWector Lists

([ File Cutput
[C3y Project Library CLK w

Bm ser Source Files CER
[} ¥ ¥Examples¥clkeramy &dd Files to User Source File Falder...

WRB

ABLIS[T0]

DBELS[7:0]

MUT

TestBencher Pro InterLink
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TestBencher
SRAM Tutorialb

N

\/ tb reset o=k Eliar'am - thresetbtim :

Add Signal
Add Clock
209.%9ns | 209.%ns 0ns 100ns 180ns
l | | l | | | l | | | | l
End_Diagram
CLK k! ; {
A
WHE S

T Dizgram - thuritebtim*

4 thwrite

|4DDns
| 1

|200n3 |3DDns
1 | | 1

|1DDns
1 |

End_Diagram

ABUS '
DBUS Wirtual: I$$data il Wariable |

Radi: |hex(default) =l '\" /—\, )'{—\3.- /’— ’.—/—\_
Condition Tree ConditionAction —-\ ﬁ—

=l If TRLUE

| Then $data —
—\ ;’*

LElse

Fhaddr
Fhdata

[V Driven (Export to source code)

Mlext == |

TestBenchcr Pro InterLink =
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TestBencher
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N

/ tb re ad T Diagram - threadbtim® e
Add Signal | Add Bus elay | Setup ] Sample aicH e TR 1ar Fireal witl [ q, + The n
ZEE ) T T Eacred . —

Add Clock || Add Spacer Huold | Text | Marker — | —|==]—=
hd

683.0ns | 549.9ns flons  |ioons PO0ns  B0Ons  |400ns Else

End_Diagram

CLK ! ; " ! Yy / he

CEB Eg !

WRB DBUS

WRE
_ ! ABUS[7:0] §addr
towrite ) vy I
tbread DEUS[F 0] ‘?7

= =]

I O Then Alon: IDispIayMessage j
I 1 CLE

O Mote O Wamning ¢ Error € Failure

Sample

Comment: |

[ Hide Fow [~ Change all instances "
B B Elsz Aclon: IDo Mathing =
Giount Clock Edges: IDLK ;I Ines =

Instance: from CSE( 29.776) to DEUS(R2E0)  Mote ¢ Warning ¥ Error € Failure

Diisplay Label: IGIobaI DCrefault

Sample Window Skore Sampled Walue to Yariable
SRAM Samp I eo Custom: 9% 1 v=" i Sl ¥ Full Expect Enable Varible: |Mever -
I f DBUS Multiplisr: |1| MI
h I Blocking I
T en Frew, | il I [ store Sampled Yalue As Subroutine Cukput

E I Se Apply | Help I O I Cancel |

TestBencher Pro InterLink V=
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TestBencher
SRAM Tutorialb

3.[makeTB] makeTB]

ﬂ__ * TestBencher Fro
File  Export Edit Bus  ParameterLibs  Projeg port View  Optiong Window

A& [mF L0 |
s Y2 b @ X[ S - fie

I
Iuring simulation, this template will

= ] x status signals in addition to the sign

diagram to bhe displayed. The "izothenc
m o 2. [T t LA C = 5 1 Pl Just the tining diagram signals.

=

ompen.t Modelllﬁsramtest_v.v) —

(&) Verilog Clazs Methods
£ [ Transaction Diagrams
T CLK_generator btim
{5 thresethtim

T thwrite btim

T threadbtim

() Template Diagram

|tD Test Vector Lists
3 File Qutput

magclude "syncad.w”  //located in TestBen

[/ g AddTime .
‘timescale 1 ns/l ps
// End faddTimeZcale

/4 §DeclareTBPortlist

A4 sramtest_v Module Declaration
nodule sramtest w:
/4 Internal %ignal Declarations

wire CLE:

: wire C3E:
Diclay | Setup ] Sample) reg CSE_driver;

wire WERE:

2,dd Spacer [l Hold | Text | Harke|
v . __

reqg WRE_driwer:;

TestBencher Pro InterLink
A = SYNAPTICAD




TestBencher

SRAM Tutorialb

x1
x1
X2

Sample

[Insert Diagram Calls...]

; _|EI|
/7 hold checks that persist for the entire testhench.

I Example: Apply globalclo
ffwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

i

21|

Apply_threset;
/4 Apply CLE_generator_ looping now

pply CLE_generator looping nowait CLK_generatar;

tbwritefaddr, data);
tbreadiaddr, data);

ffﬁﬁ?ﬁﬁﬁﬁﬁﬁﬁﬁ?ﬁﬁﬁﬁﬁﬁﬁﬁ?ﬁﬁﬁﬁﬁﬁﬁ?ﬁ

4021 Add apply calls for timi

1y threset:
PRy RunMode ———— Witait Mode
/4 Apply thwrite(addr, data); % Run Cnce

& wia '
pply thurite|'hFD, 'hiE); * ‘Wit For Completion

" Loop Forever

// Apply_tbread(addr, data); " Endjabort Transaction " Concurrent Apply

pply_thread('hF0, 'haE):;

Close |

pply Chread|addr, daca) .
pply thread('hF0, 'hEE); // <= bug as werify sample feature [Samplel)

TestBencher Pro InterLink
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TestBencher
SRAM Tutorial5

5. TestBencher Pro Verilog

ParameterLibs  Project  Editor  Simulate  Beport

Q& |hy [« _
[P et IﬂQ HS Sl%eﬂrace:

T Diaeram
Add Signal
Add Clock,

1.527us

- SimulatedDizeramBesult btim*
Add Bus | Dcloy | Sctup f Sanic [l 4 INVal HEx
Add Spacer [ Hold | Text | Marker [0 —— == <

1.527us J[on= |2DE|ns |4E|Dn5 |EDEIns |BDDn5 |1 Ous
1 1 1 | | | | | 1 1 | | | | | | 1 1 1 | | |

iz Warinhles

|1.2u5
1 1

|‘l.t1us
|

AYAYAYAYAYAYAYAYAYAYAYAYAYAS
sramtest_v.CSB / / /—_
sramtest_v.YWRE /
sramtest_v ABLS[7:0] 7z FOO[ % " FO [ % % FOO[ %
Samp I e sramtest_v.DBUS[7:0] i AE X i A= v AE @

at 450.000ns: Writing ae to addressz £0
at 750.000ns: Reading as to address f£0
at. 850.000ns: Readlng ae to address £0

= = puli}
TE> Warning: In ' at 1250 000ns: On DEUS (SAMPLEQD), expected ee: detected ae I
Py o = dUIIIg g GO aldare o

0 Errors, 0O Uarnlngs
Compile time = 0.13100, Load time = 0.27000, Execution time = 0.0%000

Normal exit

TestBenchcr Pro InterLink
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TestBencher

SRAM Tutorial5
SRAM e/Verilog

JJI..-!H‘:"ZI II‘K‘H&‘K‘K”ﬂU”,}&"H‘VﬁLL JJI

JJ DebugHunl J“eNer”og - & T U. } " PPP@ |‘ |Q

Signal slice to Sample: IDBUS[?:D]
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t CLE_neqg_event is £all('CLE')@sim ; |
t CSB_neq event is fall('CSB')@sim ; o

"expect"”

Zancel |

/¢ Expects generated frowm Samples

expect SAMPLEOD is
{ Bstart_of_transaction; [..]; BC3E_neg_event } => { [SAMPFLEOD_min-1]*cycle; true('DEU3' == data) } BCLK_neq_ event
else dut_error("Sample SAMPLED failed on signal DEUE™):
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Window ; Full Expect "req" "grant
IIg rant"

// Expects generated from Samples
expect SAMPLEO is

{ Ostart_of transaction; [..]; @req_pos event } => { [SAMPLEO min-1]*cycle;
[3]*true("grant® == 1"bl) } @SysClock neg_event
else dut_error('Sample SAMPLEO failed on signal grant™);
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£ Gerquence Event Declarations
event FysClock _neg event iz fall('$ysClock')Bsiw HOL Code |

evVeEnt req_pos_event is rise('req')@siw ; oK | Cance oK |

Librar, [ store Sampled Yalue As Subrouti

Ff E¥pects generated from Sauples
expect JAMPLED is
{ Bztart of transaction: [..]; Bregq pos_ewvent } == { [S4MPLEO_min-1]*cycle; [3]*true('grant' == 1'bl) } BSysClock_neqg event
else dut error("3ample SAMPLED failed on signal grant™):
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Window ; Full Expect "req"
llgrantll N Ilgrantll

// Expects generated from Samples
expect SAMPLEO is

{ Ostart_of transaction; [..]; @reg_pos_event } => {
[minSampleTime. .maxSampleTime]; true("grant® == 1"bl) } @SysClock neg event

else dut_error('Sample SAMPLEO failed on signal grant™);

Lelay | Setup | Sanpte (M oy [ v Tn [l [iravaif e WLD HEX
Add Clock [ Add Spacer [l Hold | Text | Markr [l —— | —— | =—]| = | == Then At W _
2N ACCion: 0 MoChing

856.1ns | 290.8ns Ons ~  [20Ons 0 [400ns |EDDIns| L anulr{sl M e |
SysClock j E :
inote € Warning

nent T
SAMPLED b ¥ Else Action: IDispIay Message
o

[ JHide Fiow [~ Change :

grant /_ m

dummy_sig

reg

= Apply Subroutine Inpr I

unt Clock Edges: Ig  Note O Warning

Stance: from reql393.21

Display Label: Im —Sample Window — Store San
—';I——I—'L;I—I— Bustom o v=S%my. BRI o
gte:;:t_TEe_te:z:t_TEe.e g [~ Hide [~ User Place | FILILIIET |1
[ Enable HDL Code Gen ) I
/f Ewent Counters — [ Elocking
HOL Code | Library [ Store Sampled Yalue As Subroutine

'S¥sClock neg counter : uint;

Ok | Cancel oK |

£ Gemquence Event Declarations
event SysClock_neg_event is falli('SysClock')fsim ;

/¢ Expects generated from Jamples

expect SAMPLED is
{ @start_of_transaction; [..]; Breq pos_ewent } => { [ninZampleTime..naxSanpleTime]:

else dut_error(“Jample SAMPLED failed on sigmal grant”™);
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