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Enhance your current tests with JFT LabVIEW

« Add complex cluster tests
 Drive peripherals and measure results
- Integrates into familiar environment

» Add Core commander and carry out
system speed and Embedded tests

www.jtag.com
G
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Low Cost Standalone development and execution

JFT/xx enables your Boundary Scan
chain.

Drive and Sense pins on CPU/FPGA
Low cost controller and software

Many ready made functions available for
both text based and graphical
programming
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Typical Boundary Scan Cluster Test
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Complex Cluster Test

« Stacked Logic

* Flip Flops

* Analog Measurements

* Mixed Signal devices (DAC ADC)

* Drive sense of chip sensors and peripherals
« 12C and SPI devices

J TECHNDLDGIES

Vbp
PIC®
Microcontroller R RpuLL-up Vpp
SDA
<SCL - [1]spa VDDEI—T
/O Ports < [2|scL  AD|[7
LERT
<A [3|ALERT A1 [6
4/GND A2 (5

TCN75A

www.jtag.com
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Higher Level of descripti r i
gher Level of description for functions
(B LVIFT Clock test 2156.i Block Diagmml “ [F=NEERT)
22 File Edit View Project Operate Tools Window Help
23 DeclareVar("CLEQOUT", "U12.G2") # CLKOUT = U12 pin BE @E|L.u|.3o +/[ 15pt Application Font |+ |[Te |[v0a~ | [69~ |[2ak| [+ sesrch
24 -
25 loopCounter=0 #5et variable loopCounter { WMo Errer b
26 falFlag=0 #5et variable failFlag to 0 Loop until 0 received i
27 Elwhile (loopCounter<1000): #While loopCounter S— I
280 if (GetVar("cLEoUT"))==0: #5ense CLKOUT. Ifl 1000
29 | | break #..exit the loop _ I ckout=0 N | o False ]
300 if loopCounter==099: #if the loop has ocelff-= ol =
31 print("Error: Net not sensed low") #H.print errg) = seTumn Coc N - D o B n
32 k . failFlag+=1 #..and add 1 to failFlag : ER
33 loopCounter+=1 ftincrement loop cou
34 #HEnd of while loop
35 This example presents how LVIFT Library can be successfully used for line state
o _ - . o, - . o detection.
I In the example the cutput of the clock is measured first for a zero (compare ()
to allow for capture 1000m5 time is used. If pass then clock is measured to be 1,

(compare 1) If either state is not detected an error message is displayed. ]

» Drive/sense pins
» Drive/sense groups < —— ,
» Assign Variables

These Variables can then be controlled, manipulated and displayed in either Text based or
Graphical programming language
www.jtag.com
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Available JFT integration languages

JTAG Functional Test

Adding JTAG to your tester

P python

powered \ 38 _ ~ | Visual Basic

Microsoft

AT

7 © JTAG Technologies www.jtag.com
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Requirements to develop LabVIEW code

» Licensing
e Included in both ProVision and PIP
» Software installation

* Provision must have PIP/LabVIEW
installed. (license not required)

» PIP for execution (PIP License is required)
« Standalone installation @y license is required)

www.jtag.com
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We are boundary-scan: J

Requirements to develop LabVIEW code 2

* Files

* Needs .gen and .vdf files (rename to Lv v1 name)
 Provision any application
« JTAG Live any application (including free buzz

download)

* Standalone special chain builder tool

www.jtag.com
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Typical cluster example for language approach M,Q;H,p

8-Pin SOIC, MSOP

 (# Project Board Device Type Application Instrument ‘Window Tools Help SDA E T E v,
wwEPexENabdesz[Er Lirveseasaer rR [ s RANE|LEL$S < pb
A= SCL[2Z] ® [7]A0
: - ALERT[3] & [6] A1
Narme B Cluster: Dallas1307 - File: C: \Bst32\Pro\flsmn\prUJects\le\.Dallas Clock_1307\alL... ][] | |— GND [7] - 5 A2
= logic ; o } - P Dallzs1 307
= []Elnter 35 L last_instruction = instruction j - Functions
e 36 | MSOP, SOIC symbol
B '@;:LIIZD 37 @def ReadDateandTime(): | | ﬂiﬁefadDateAndT\me[] ) — =
[+ B 0al - SetlaMode(i) TLwiiteCunentD atedndTime() 1 SDA Bidirectional Serial Data
= . . .
; .a::p 39 print{"Ii mwode is ",GetlaMode()) #Immediate access to board!l %gett_llastl_.msttruc:.mn[[.] sucton) 2 SCL Serial Clock Input
sel_last_instruchonlinstruchon,
<0 . _ _ ' DGWDS - 3 ALERT Temperature Alert Output
:; print{"Frevious Command = ",get_last_instruction{)) i @usoL_soa n GND Ground
43 HETOP COMBITION = Bi\ianables 5 A2 Address Select Pin (bit 2)
[ Bod 44 | 1G("Dallas1307.3CL_SDA",0bO0) TSl 5 Y Address Select Pin (bit 1)
wlcuse|  #5 | 1G("Dallasi3n?.scL span,0bld) 7 AD Address Select Pin (bit 0)
478 Applicd 46 IG{"Iallas1307.5CL_SDA",Ob11) 5 v Power Supply Inputl
[ 741 2 +7 A DD oo
48 | HSTART COMDITION
49 IG{"Iallas1307.3CL_SDA",0b11)
50 | IG{"Dallas1307.3CL 3DA",0b10)
&1 IG{"Dallas1307.3CL_SDA",0b00) ® {
52 PIC R 08¢
53 | #ADDRESS OF BS1307 (1101000) - iy
4 | #oLock soa vz Microcontroller R PULL-UP Voo oz
55 IG("Iallas1307.5CL_SDA",0b0L) - D.bazﬁ“c
56 | IG("Dallas1307.5CL_SDAT,Oh11) SDA = Y; Alert Polarity
L E7 IG("Dallas1307.5CL_SDAM,0bO1) < ; 1| SDA DD 8 Alert Complint
58 | #CLOCK SDA HIGH SCL =
e . cn T HTA 1 T mmd a7 2o @nan Ok I:"D PGI‘I’_S < 2 SCL ﬂ[] ?’ C[ﬂRﬁgl.Jr.]tiDI'I |
- [El— egister
5 ALERT TA ADC
< 'E ALERT A116 Temperature [+
Register
5 6 4|GND A2 |5 THvsT g Band-Ga
- ijlj B cor Registar Temperatu?e
Dallas_tlack_1307 O Infra Status unknown | € JTAG Functional Test TCN?EA - RTS_EF ] — Sensor
. — — eqister
Register I“cm™
Paointer Interface

FIGURE 5-1: Functional Block Diagram.
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JTAG Functional Test with

www.jtag.com
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Overview of VI's (LVIFT VI Tree)

3 LVJFT VI Treewi Block Diagram 50 )
File Edit View Project Operate Tools Window Help |@
(@] @n] | @ | [ 15pt Application Font |+ | [fo~ |[a~ | [£9~ %] [+ search NE

~
Getting Started Application Examples
Initialize |
Configuration Action/Status Utility
LVIFT LYIFT
1 15
coarr B LT
IH 0G
LVIFT LVIFT
iz o
Ciarr Ciarr |
TESTLOW oL
LVIFT
o
Cuae Ciarr
GETVAR 01
4 m 3
12 © JTAG Technologies www.jtag.com
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Example configuration Vi’'s Initialise

LVIFT.IIb . File Edit Yiew Project Operate Tocols Window
[ LVIFT Declare Vari o | |@ [} |I-M:|||E"||;|.T|| 15pt Apj
bm LVIFT Declare Vars.vi
[zl LVIFT Define Instruction.vi
[z} LVIFT Drive Group.vi
g LVIFT Drive High.vi
& LVIFT Drive Low.vi Luart
B LVIFT Drive Var.vi — g
[biz] LVIFT Error Message.vi
[zl LVIFT Error Query.vi
i LWIFT Fast Mode Syncwvi
2 LVIFT Get Alias List By Var.vi + Controller Name
& LVIFT Get Board Listwi Ferrorin (no errol
[bz] LWIFT Get Current (.Zom"ig.l.ri . N F|Eg5 (0:00)
bz LVIFT Get Data Register Length.vi
B LVIFT Get Data Register Name.vi HICT FPT Parame
[zl LVIFT Get Declared Groups List.vi vICT FPT Tester b
[ ]

| WIET Sat Naclarad War Lickan

FProject Marme [
b Project Path (")
k Start State (0: De
+Startup Mode (1
errar out *
LVIFT Handle *

N

All LabVIEW Files =]

13 © JTAG Technologies www.jtag.com
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Close and error handling

LVIFT.llb d File Edit View Project Operate Tools Window Help

B LUFT Decore var [ ] @[n][@][25][wal@* o* [ 15et Application Font |~ |-, | P

[a) LVIFT Define Instruction.vi
L LVIFT Drive Group.vi

Lz LVIFT Drive Highuvi

[a LVIFT D'rive Low, vi

error out
o=

=l | TAG Technologies www.jtag.com
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Example action Vi’s 1 Declare Variable

LVJFT.IIb : File Edit View Project Operate Tools Window Help

B LUFT DoV 2 [®]/@[n][®][28][sal/e*]o* [ 15pt Appication Font |~ ]|-Q, |2

bz LVIFT Define Instruction.vi
[zl LVIFT Drive Group.wi
! ET Dirinea blimky v

LUJFT
DECLARE
VAR

File Edit View Project Operate Tools Window Help

[ [2] @] 1] [15pt Application Font |~ |[3o~ |[@ia~ v [[6b+]  [X][2]

Technologies www.jtag.com
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We are boundary-scan:

Actlon V| S 2 Dr|ve and sense

HF-H |' HF-W' |' = Untit TFEH' X |'

File Edit View Proje File Edit WView Projg

@n

File Edit View Project Operate Tools Window Help
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Combining LVJFT with measurements

LVIFT gives capability to drive or sense the Boundary Scan cells.

The result of the read or driven cells can then be used to manipulate
controls or take measurements using the standard LabVIEW tools and
Hardware.

File Edit View Projeci

> = @]

Operate Tools Window Hel

i Spt Application Font |~ || e ||7|:|Ev ”gv ||%v | |- oY |

I
I
o

Ambient Temperature

40-

375-

35-

275-

sw2 s5w3 sw4

i B (B (B

|
o
a &

errar in (no error)

status code
a5

source

|

m

18 @&

L1

© JTAG Technologies www.jtag.com
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JT2156 Functional Block diagram

USB connecior
U4
1 2 = J4
I DU — 1
Hea
LCD Sereen uz ARM 7
USB = ]
-—I—” G Controller . 12C .
— ) [~ =
J !’EL‘.HNIEI‘LDGIEE- ﬂ H
f; L
U2 U3 u21
15 Connector | U12 Temp | |Acedd | | Atmd @ TOUCH
< Cyclonelll
u13
Touch screen * Altera ) u19
Controller FPGA <:> DIDR2 SDRAM
e ue,UI1, Ut PRI
LEDs K ": U4, 17 | :: ] PHY Y R1-45

Inverters
1)
=

ua
5W2, SW3, sw4 Config
FLASH

—

www.jtag.com
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Read switch and display result to on-board LED

« Using text based language
« Read the switch value
« Display result on UUT LED

DeclareVar("SW2", "U12.H20") #SW2 is now a JFT variable and linked to Bscan pin H20 from U12
DeclareVar("D1-Red", "U12.F14") #D1-Red is now a JFT variable and linked to Bscan pin F14 from U12
DeclareVar("D1-Green","U12.E22") #D1-Green is now a JFT variable and linked to Bscan pin E22 from U12

print("Press Switch 2")

Wait_Time(2000000) # Wait 2 seconds to give the operator time to find Switch 2 on the JT2156
print("If Switch 2 is pressed RGB LED D1 will turn Red")

print("If Switch 2 is NOT pressed RGB LED D1 will be Green")

Wait_Time(3000000) # Wait 3 seconds before moving on

Switch2 = GetVar("SW2") # Switch2 is now a Python variable which can be used in the script

if (Switch2)==0:
DriveVar("D1-Red",1) # Make RGB LED D1 Red
print ("Switch2 is pressed")
Wait_Time(2000000) # Wait 2 seconds

if (Switch2)==1:
DriveVar("D1-Green",1) # Make RGB LED D1 Green
print ("Switch2 is NOT pressed")
Wait_Time(2000000) # Wait 2 seconds

print("value of Switch 2 was:", Switch2)

www.jtag.com
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Using LabVIEW

- |
 sutors crecon oot e« =

ile  Edit View Project Operate Tools Window Help | :l
o> |k @IE‘ | 15pt Application Font |~ ||E,;.' ||T|]Ev ||$v ||@bv | A |@ H i
.
s5w2 5wW3 sw4
CB (B (B o
[ . Stop
error in (no error) error out )
status code status code
1 o |l
source —L
1
e

Project Name (")

JT2156]

JEA

TECHNOLOGIES®

» Read Switches
« Display results on indicator
« Results can be manipulated

t==_LuaFT
-““”‘“
iz S UARS

m Stop Button E‘E’D

This example presents how LVJFT Library can be successfully used for line state
detection.

In the example three buttons are used: SW2 (Button A), SW3 (Button B) and SW4
(Button 5). The default state of the button is high (pull-up for the processor ling),
when the button is pressed the line is pulled down. This is the reason why
comparision to '0' is used - if line is pulled down the button is pressed.

See Buttons Detection TS Example.seq for TestStand selution

www.jtag.com

error out
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Build into a TestStan
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J

d sequence

74 Message Popup - &L‘g‘
Setup steps
. . .
- Display information to operato
| INTOr 1on Fator
« Execute Tests
| Xecu
!quence Editor [Running..] \ - ‘ \ ' . D -— i ,-‘ l —
(|
xecute  Debug  Configure  Source Control  Tools Window Help
| el AL Lo MR g Lebvew T sARFELE-B-E
= 2 @B® BWUL
|
‘ < Sk Q Single Pass - Buttons Detection TS ... @] Buttons Detection TS Example.seq [Executing] ¥ X
Steps -~ 3
m 2
Step Description Settings Status >
etection 8 Setwp @)
Pl 13 LVIFT Initialize Action, LVJFT Initialize vi Done
<End Group>
= Main () B
e - Butto... = 8 Message Popup NameOf(Step)
ﬂL\f’JFI'Check Button Pressed Pass/Fail Test. LVJFT Get Varwvi Post Expression
53 Message Popup NameOF(Step)
Other (0) X 13 LVIFT Check Button Pressed Pass/Fail Test, LVJFT Get Varwvi Post Expression
%) Message Popup NameOf{Step) i
Steps Vanables Report
B Call Stack + 0 X [&f Watch View > 1 X
& MainSequence - Setup (Buttons Detection TS Example seq) Watch Expression Value Type Breakpoint Attached
§ Single Pass - Main (SequentialModel Seq) O BT T
E Call Stack | % Threads 4o Watch View | 5= Step Settings | =] Output
User: administrator Model: SequertizslModel Seq [... |No Steps Selected Mumber of Steps: 10
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Execute Sequence

« Complex sequences can be developed

« Combine Boundary Scan with standard
Instrument measurements in sequence.

[a—

Q Single Pass - Buttons Detection TS ... iﬂl Buttons Detection TS Example.seq [Executing] F X
Steps S |
Step Description Settings Status
I3 LVIFT Inttialize Action, LVIFT Initialize vi Done
<End Group:
= Main (5) -
@ Message Popup MameCf{Step) Dane 1
{3 LVJFT Check Button Pressed Pass/Fail Test, LVIFT Get Var.vi Post Expression Passed
@ Message Popup MameCf{Step) Daone
{3 LVIFT Check Button Pressed Pass/Fail Test, LVIFT Get Varvi Post Expression Passed
'={> @ Message Popup MameCf{Step) R
§3 LVJFT Check Button Pressed Pass/Fail Test, LVUFT Get Varvi Post Expression
<End Group:
B Cleanup (2 i
TS 13 ICT Mann Mmtiomem LW IET (Tlmmm i
Steps Varables Feport

www.jtag.com
G
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Setup and read an I2C device

U2 is an I2C temperature sensor type TCN75A

By manipulating the SCL and SDA boundary scan bits it is possible to
set up and then to read the data register from the temperature
SEensor.

The information received can then be calculated and output as a
numeric (text based language) or as an indicator in LabVIEW.

To read the register we need to toggle the clock (SCL) and during the
positive to negative clock cycle either write or read information to the
Data pin (SDA)

Declare I12C pins (SCL, SDA)

Write to device address and receive Acknowledge (ACK)

Set address pointer and slave address.

Read the upper and lower byte values and display.

www.jtag.com
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Using text based language

« Declare_I2C_Pins("U12.E21","U12.F22") #I2C.py function. Declares SCL and SDA

nets

«  Set_I2C_Address("1001000") #Set the I2C address. Datasheet for
TCN75A shows address is 0x48

-  WRITE("00000000") #Access Register 0x00 (Ambient temperature
register

«  Ambient_Temp_Reg_Bytel = READ()
«  Ambient_Temp_Reg_Byte2 = READ()

«  print("Ambient temp register upper half = ",Ambient_Temp_Reg_Bytel) # Print
the contents of this register

print("Ambient temp register lower half = ",Ambient_Temp_Reg_Byte2) # Print
the contents of this register

« Temp = ( Ambient_Temp_Reg_Bytel & 0x7F) + (0.5 * ( Ambient_Temp_Reg_Byte2

>> 7))

. i(f(AmI:l;ie)nt_Temp_Reg_Byte1 & 0x80):  #If Ambient temp reg upper half bit 8 = 1
sign bit

. Temp = -1 * (128-Temp) #Temperature is negative and therefore two's
compliment

«  print("Temperature is", Temp, "degrees")

www.jtag.com
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Using La

)
B 12C Basic Exam,., (520 /2| S

FAG

OVIEW with indicator

© JTAG Technologies www.jtag.com

I File Edit View Proje
> [@| @ IEI Easc Bxamn el Fle ol N E=EE
« | Hdit View Project Operate Tools Window Help
Ambient Temperature o & @@|bu|lﬁ' + [ 15pt Application Font |« |[Sm~ |[7a~ | |69~ |[tad] +| Search
40-
ller Name and Type 5705 USBO
375- i Device Address |—|:ﬂ:|— »o5L ] Ambient Temperature
35-
Project Name (") |JT2156 [ First Register Address [<0]
3725- SCLPinfJU12.E21 Mumber of Bytes to Read
SDA Pin |U12.F22
30- [6]
375 = 1. Initialize connection with JTAG controller, VDF and GEN files should be available in the same folder as this VI and .
T the file name is specified in Project Name constant 1
25— 2. 12C Declare Variables declares variables and groups for easy PIN management. The default names for pins are SCL
and 5DA and for the group is named [2C, The names can be customized
225- 3. High level function is used to read 2 bytes from the device which address is 0048 (in JT2156 board it is TCNTS
temperature sensor) starting from register with address equal 0:00
20- 4. Close the connection with JTAG controller
175- 5. Convert any error message
6. Simple Error Handler
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Generic VI for 12C devices

2 LVIFT I2C Read Registers.vi Block Diagram *

File Edit View Project Operate Tools Window Help
|:{>|{§}| @ |15ptAppIicati0n Font |~ ||$;|v ﬁ]E'| &h *| Search
| Mo Error Vt
Mumber of Bytes to Read [Cuz§ i 1132}
Device Address | 021
e
T
SDA Alias |[abck
SCL Alias|[ab<
LVIFT Handler[3323 [E2]|dup LVJFT Handler
error in (no error} ’ - error out
MSB First? (T} — &
First Register Address|[uad
[6.
This VI generates full 2C Frame and reads specified amount of bytes from the device,
++++++++++ QCFRAME ++++++++++
1. Start condition
2. Write address into [2C Bus - This byte specifies 7-bit address of the device shifted by one to indicate that writing operation will be
performed.
3. Write First Register Address - In the next step the register address is written. This register address specifies which register should be L4
read at first
4. Repeat start condition
5. Write addres into I2C Bus - This byte specifies 7-bit address of the device shifted by one with 1 at the L5B which indicates reading
operation
6. Read bytes in a loop - Read as many bytes as specified and send acknowledgements except the last byte which is finished without
acknowledgement
7. Stop condition
++++++++++ END OF 2C FRAME ++++++++++ =
] [ m | b
26 © JTAG Technologies Www_Jtag_com
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Use CPU to read ADC and display output

« The CPU of the board has a built in ADC 2 resistors of equal value are
connected to the ADC pin between +3.3V and GND

V3 TDI

- U4
i
= |10k
it
1__<_:],__
= | 10k s
[ I
GND —4 e
—
L..<’:|,__

TDO

www.jtag.com
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DSP with internal ADC

« Supply Amplifier with fixed voltage

« Read internal DSP or Microcontroller ADC for dynamic (at speed)
tests.

O_O]Q Gl

- 60600600000

3]

DSP
EB

www.jtag.com
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Using text based language

. SetScanFrequency(100) #TCK set to 100kHz needed for NXP2468 Debug mode
. Tnit("ARM7", ™ "U4")
. EnterDebug()

def CheckStatus(Value, Expected, Mask):
if((Value & Mask)!= Expected):
print("Invalid status", hex(Value), ": Expected", hex(Expected))
return 1
return 0

def ReadADC():
pconp = ReadMemory(0xe01fc0Oc4)
WriteMemory(0xe01fcOc4, pconp | 0x1000) # Power on ADC block
WriteMemory(0xe002c004, 0x00004000) # Set function of pin to ADC
WriteMemory(0xe0034000, 0x00200401) # Power on ADC, select AD0.0, devide clock by 5
WriteMemory(0xe0034000, 0x01200401) # Start conversion
Status = ReadMemory(0xe0034004) # Read status
if CheckStatus(Status, 0x80000000, 0xc0000000) == 0:
ADC_value = ((Status & 0xffc0) >> 6)
print("ADC voltage =", ((3.3/1024)*ADC_value), "V")
voltage=((3.3/1024)*ADC_value)
else:
print ("Status ADC is not correct")
voltage=0
return voltage

voltage=ReadADC()
expected_voltage=3.3/2
tolerance=0.1 #10%
if voltage>expected_voltage*(1-tolerance) and voltage<expected_voltage*(1+tolerance):
print ("within tolerance™)
teststatus=0
else:
print ("not within tolerance™)
teststatus=1

. ExitDebug()
. Close()
. exit(teststatus)
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Using LabVIEW with indicator

I3 ADC Basic Example.vi Block Diagram-

File Edit View Project Operate Tools Window Help

o | @Elhu|lﬁ’ + |15ptApp|ication Font |= ||E;.v

Bit to Set 412 Bit to Set [414 Bit to Set |40 —|
PCOMP |=E01FCOCA —| PIMSEL] |~ ED02C004 ADOCR |+ED034000 : :
LyUProc | "

1
lal nEd ]

*| Search

e~ | (60~ ][5l

troller Name and Type

ADOCR |« ED024004 ADG FOEL]

JT2156
[6.
™ — - - {_} = " -
. . L. Initialize connection with JTAG controller. VDr and GEN files should be available in the same
ﬂ' ADC Basic EKﬂmP|E-W Front Panel E@g folder as this VI and the file name is specified in Project Name constant
e i

File Edit Wiew Project Operate Tools Wir_

> [@] @[] [ 15pt Applicat « 4, [ 2 |D
Xy

I 1154-5?8 5. Enter to Debug mode

6. Turn on PCAD bit in the PCONP register - PCAD A/D converter (ADC) power/clock control bit

Project Mame (")

2, 5et TCK frequency of the controller - in kHz

3. Initialize connection with microcontreller, The UProcMame (ARMT) may be extracted from
LVUPROC Get UProc List.vi

m

# |1 1la. Get errors if occurred while connecting

7. Select function of the P1.23 pin - Analog to Digital converter

m

8. Configure ADOCR
+ Enable ADO

+ Converter clock
B + Turn on ADC

+ Start conversion

9. Read Value of the ADQ register

10. Exit Debug mode
11. Close connection with LVUProc

12. Close connection with LVIFT

12 T Arirark amir arear Paaccana

4 n 2
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Other peripheral devices Ser_Des, DRAM

* Use either Boundary Scan chain (static tests)
*  Or use Microcontroller core for dynamic (at speed) tests.

ME
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Other peripheral devices Ethernet

Test Ethernet ID
Carry out loopback test

J1

IEIJ‘.IQIEIFIE'.Iﬂll
(]
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Combine with functional tests

05.4999% — -

VREF WDD
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Next steps 3> Etteplan

« Add SPI Library.
« Enhance embedded Microprocessor Library.
« Publish the libraries to LabVIEW tools network

www.jtag.com
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Conclusions

« Combination of JTAG and Functional measurements provides a
powerful test strategy.

« Use either external instruments or JTAG MIOS module

« Simple JTAG controller and actions can be combined with functional
test instruments or LabVIEW indicators.

* Add CoreCommander to read internal ADC values.
« No need for Software or Firmware inside FPGA or CPU.
« Suitable for

« simple bench testing (R&D)

« Mass production “(Bench top or fixture based)

» Repair centre.
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