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Cooperative Title: NVT2001GM conversion from pParset 1 site to Advantest 93K-PS1600-
PWR 48 sites FT instrip

Student intern name: Amnatcharoen jiamjai

faculty Engineering Department electronic

Advisor name: Asst. Prof. Kriangkrai Sooksood and Chinnapat Nantajiwakornchai

Mentor name: Boonkerd samsee

Company NXP Semiconductor Thailand

Abstract

NVT2001GM conversion from pParset 1 site to Advantest 93K-PS1600-PWR 48 sites
FT instrip The purpose is to move production bases from Malaysia to Thailand. And reduce
the cost of operations, including increasing the number of tasks in testing per one test The
program must be able to test the work correctly, accurately, and efficiently. According to the

standard of the factory
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134, Weulusunsy
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2.1. M99 55UUDIAY
1995574 (integrated circuit ; 1) fie wasiminelalen, nsudamas, My, fudu
Usvq HaroIAUsENauURNITAN q 1UsznauTIniuuukuesvwiadn lutagiuusiuiesi

o ¥ !

aa = = - 3 b4 (3 1 I 1
wymguRUTiAeU o38N JU (Chip) Uagas19eaRUsENauUMITA q feBguuLKY

wain dnlvgiulinfidendt Monolithic n1sad1sesduseneursasuuRandni seldnssuis
nsuUNIaIEn et NanBen weuiuruIunMssaiivinliateasiianuasBengann
AUNIUTITDIAUTENBUIT IS WIUNIN MeluaeasTiy aefidiuvesaednuinung luussan
rasdnaiandudougs wu lulnslusiwalees ddldieununu renfiames uf
Tnsdwvidetie wihseiuneulilasmuuudiva dmsuumbeaud) RAM) Judn
Usslnymilswensesidmaiy Ailnrwddyannlugatiogi
winvey IC
1. Analog IC (299557nUUUBUNEeN) VeT3endT 2assaudadu Linear IC @Giiles 1o &) Wuneas
swiimiilunsveedygn wesemuauuswiulniviaveasesyn Mihmhiversdaayo
Bund1 OP Amp (eavuen)) w5e Operation Amplifier (lewaisdu wouwdlriaay) \wiaasai
Ussnaudunstudamesuasqisauegnielu IC fuien Svhinesmuestuondisnsveegs
N
2. Digital IC (2933571 UUUAINDA) 219as5uRInaady a5 lunsaindnsianes
waz lulpslusaaises
2.1.1. 29353UNALUY Pull-Up
5U 1-3 uanman s dunaiiuuuy Pull-Up ndmfte Mgy Pull-Up duostiy
Voo M58uvasauln fo:gﬂL%'auﬁuqﬂéﬂuﬁﬂamuﬂ@aé’miuﬂﬁmEflu Microcontroller vquii
fadnunu Pull-Down v¢liignidenseiiiodnunssiuveasesiu Winsiluaanuz HIGH v3e
“17 papaian wagkilonn Switch agyilWiantuzilu LOW vie “0” 358 Active Low
wzilefinevhan (@ndgnnm) w1wes Microcontroller Ay LOW 29asuuy Pull-Up

Wudeuunnin msienuseduaiusuniulad



JUN 2.1 2995v8918unadianivuakuu Pull-Up

2.1.2. 29958UNALUY Pull-Down

3U 1-4 WanHANTSRIMBUNALUY PUll-Up nd19fte fadmumu Pull-Down Fasiongiu
Ground szgnidaufugasuAanuzlausaluiAnelu Microcontroller waisiidasmumu Pull-
Up %higﬂL%awial,ﬁa%’nwﬁxé’fwummuﬁu‘lﬁmﬁinamu: LOW 30 “0” masakal waziilens
switch 2gyinlianusiiu HIGH vi¥e “17 FuS8nin Active High wswdieiinsvine (@Indgn

nM) Y1989 Microcontroller dandu HIGH

2.1.3. 29399 Floating
dmSunsRerILUY Floating SwwnAmmileu PulllUp/Pull-Down wikansnenseiiazlsl
slasfadumu PUll-Up uay Pull-Down flagmelu uazgfldazdosradadumiu Pull-Up wie
Pull-Down tesmeuen JawmnzdmiumsaogunsaiuneUssiamiiingms Pull-Up ude Pull-

Down Anguanlviaguen



2.1.4. 19950 UTLAULTINUY
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2MATADUTLAULTIANUY AD NITNTIWNISVONRDTEAINTUEDITUNINUAUANTEAU

wsasiy welrdvlussuvaiunsadeansiula
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NVT20xx
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GND

002aae132
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=l Sa v oo
UM 2.3 199553UNUNUTYLADUIEAULTIA

UG

2.2, vgeEnsnadaunieini
nsnaaeumsini (Electrical Testing) iunsnaaeuitefigatl (Verify) wisilineseneg
4 avd woa e o g v v 1 = ° o &
weldiluiafinnsanaunsaiivinnisnaasunlvnislavielivenaniiilunmsiaugiiugu
\30snguadleviu (Ohm’s Law) NIFMUAMMIAIAINAUNIY AINTERA Y3DALTIA Lng
wWaswiaswiegunsalilunsasiadlousdumuniieia luunilagliesuiganumine,
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2.2.1. NSNAEaUNISIUALAZAN2935 (Opens and Shorts Test)

@

nsnAaaUll U1eATaSendn Continuity %38 Contact Test IedmsunaaauNdmyIn

o

fngunsaivioll uaruwantuiinndnieasiu dnuasiuunaderiensavioliuagnis

Yo

NAFULVURTNTWATaeUT AT asllanldlunisnaaau lawn Test Probe Card,Device Test

Socket RoatgniBmsiudumimialidniie ReulunmaasunisiUauazdneasay

t

Tileiszylilugile (Data Book) usduniiuinnismeaauwuuilazgnnssyinluyn 9 gunsal



Opens/Shorts Test

Serial/Static Method, VDD Diode
DuUT

YOO =0V

ggun% ??!l:i W‘;ﬁ {Including VDD}.
n v borge +100pA, one pin Bt a time.
Mugure resultant =l

_ voltage.
Fails test ?:pm} if voltage measured is greater than +1.5V.
Fails test (shorted) it voltage measurad is less than +0.2V.

E‘Uﬁ 2.4 n1snaaau Opens / Shorts Test : VDD Diode

Opens/Shorts Test
Serial/Static Method, VSS Diode
V0D = 0¥ f PMU Test
{

ik

VEE = OV

Ground all pins {including VDD). _

Using PMU, Force -100p:A, one pin at a time.

Maasure resultant mi:&g. )

Falls test (shorted) if voltage measured is greater than 0.2V,
Eails test (open) if voltage measured Is lesa than -1.5V.

gﬂﬁ 2.5 nsvadau Opens / Shorts Test : VSS Diode



2.2.2. n1999 Input Currents (IIL / IIH) Current Input Low (lIL)

= a
Input Currents (IIL / IH) Current Input Low (IIL) lun1snaaeunseuanlvasenanudunnves
gunsadidlelanuzBunmduasin “0” Fadumstadarusiumussnitenduwnvesgunsal
fuunaege (VOD) fnszuadiialdfiantosniinimvun (-10uA) wansigunsaitiuliiunvmaasy
(Fail) @u Current Input High (IH) lJunmsnageunssuaiivadinudunnvesgunsaiilelvaniuy
a I3 a WA 9 = o v 1 o 1 a 6w g =
sunmluaein 717 Fadumsindimudunuseninydunsavesgunsadiunsan anseuai

FalasiAnannndniivue (-10pA) uansigunIsitulidiunsvegey (Fail) fsegluasei 6

Input Leakage Low Test (lIL)
Serial Method

Apply VDDmax.
Precondition all inputs to logic 1 with pin drivers.
Using PMU, force individual pins to VSS.

Wait 1 to 5 msec (Set PMU delay).

Measure resultant current.

Fails lIL if measured current is less than -10.0pA,

Uil 2.6 : Input Leakage Low Test (IIL)

U



Input Leakage High Test (IIH)

| p

N oo |
”"" ce CURRENT "}

Apply VDDmax.

Precondition all inputs to
Using PMU, force individ

el

Serial Method

" Pin Electronics
| Force Logic @
~_enallinputs DUT

VDDmax }
|
| Sense  (|H
b
= V8§ =0V

ms fo

Wait 1 to & msec (Set PMU elay).

Measure resultant current.

ic O with drwe:s&

Fails IH if measured current is greater than +10.0uA.

gﬂ‘fl 2.7 : Input Leakage High Test (IIH)

Pin l Force I mg Meas / mg Min Max Result !
Pin 1 5.25V | 8V 1.0nA [ 20uA -10.01A 10.0pA PASS
Pm 1 _ 0.00Vv f_BV _ O.Qn_& I 20uA f‘!ﬁ.ﬂglﬁ_x _ 10.0;!_3 PASS
Pin 2 5.25V I 8V 20.4LA 1 200A -10.0pA | 10.0pA FAIL
Pin 2 0.00V / 8V 0.0nA / 20pA -10.0pA | 10.0pA PASS
Pin 3 525V [ 8V 1.0nA I 20pA -10.0uA | 10.0pA PASS
Pin 3 0.00V / 8V -1.0nA 1 20uA -10.0pA 10.0pA PASS |
Pin 4 525V I 8V 1.0nA 1 200A -10.0pA 10.0pA PASS
Pin 4 0.00V f 8V -18.6pA 1 20uA | -100uA | 10.0pA FAIL
5197 2.1 ¢ lIL / IH serial / static test using the PMU
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vinmsinaiausunulaglinguedevinudszendly
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nszualnihiuauaIunu nanfe nszualwihfilwariuindile q uwusiulaeassiuaumg
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And (usesulniiviousssunnaTen AenseialAtuinusativenuauadndgtl) Weuly

aunislain

I-V

aznTzualii sl U sHNALAUAINATUMUSENINERANNARAIANA UM UINNLI AN TE U

Tyarutioy, d1anudunutosasinviinsrwauin) Wewduaunislaon

I-1R

v
v

dgesaunInertdinmansvisaensiuiiy, Weouladl:

2.3, wannsusalivanaw
mstaFsuaiioutuladuusniilugmeanuau tazmsuuugaua T iIns1zns
murpasUUURANN W Fesodudeynaiieltlumsiinsziuasmanmnlunisudledam
dotelunsindulaldedragnies wanzan deserdudeyailifiemss ulud Seduegiv
oafUsznaUwENT
o iadnsiloin
® TMsin
® i
M519 (Measurement)
®  augnAed (Validity)
o muaniduavaandesilodn (Resolution)
® ANuiiBsnss (Precision)

®  anuuaiug (Accuracy)



2.3.1. AanugnAe (Validity)

2
] [ s [

u‘ﬁugmmmum‘swwmszwmﬂ

cn

o/ 9

® BNIRRRAINITORARIIIUNINTD USunnTiaule

2.3.2. ANUAZIDEAVRIAIR9NBIA (Resolution)
I v g @ 8 =& 1 o 1 @ A o 9 [ 9 =
L‘U‘Hﬂ']ﬂ@ﬂﬂWi?ﬂ‘\JﬂHﬁ“ﬁQLLﬂﬂWNﬂucluﬂullﬁfﬂﬁ'll Lﬂ303?@6163’5111’]5?]@11@]63@5]9

MNANNUIENTY WTanedadosansoia g lundnnaiisuusaniiensy
2.3.3. ANUNE9IR5e (Precision)

ANUNB9RSe (Precision) Lﬁu@mauﬁ’ﬁmaﬁ%‘mﬁm (Measurement method) ¥58

t % =

\W389887R (Measurement device) 13055 UUALTAMUNLINSININ Y3DUD RITTUIIN VYUIA

v aca o o

rosnNuiuLUsAATulasingdusenfiunaieass lneld insesdieda 357n din yaiieaiu

e

Eo

v W = U g 5 dl 4 =) o 1 ! ! o I ! dl v G 1
MnMsiningieniug q vateasaielnafgaiu (aegldaulaiau Wueniignaewialil)

visrarasANuwlsUTIlumMsiagintulos wansinssuuuiinnnuimemnsegs

high
Accuracy N
low
s
{o} 1 2]
nigh " Precrsson Tow

JUN 2.8 85U18ANUTNLINTS

10



2.3.4. auwiug (Accuracy)
1o o o MY v v 1
ANLLUEN (Accuracy) e AuaINsavesssuUTaRasaTalaAlndRes A

' v
= el el L o

LY ! a I AJ Ioas 4 L Lo I i L
gndes wiad193e lunsdinlinisindn AnadevesininmsiidlndifesiuAfignees

Accurate Not Accurate Accurate Not Accurate
Precise Precise Not Precise Not Precise

JUN 2.9 AUUANANSENIRAMUTIEIRsIiuALLILE

2.3.5. MSA
MSA fio mslngiteyaealasudninanndefianainlunsinng wwseslainisnis

vinnuvemtinnuiasaunsaiviiunmusiinasaszuunsin Jademartanunsailiiianis
wasuwlasluszuunmsiala nmsiaguudasiilussuunsTadudiunilaveanisulsusiuees

z - L3 _oa | é 1
NILUIUMINIMUATUNSIATIZA SPC uagatnmdauinsuiu Cp, Cpk, Pp, Ppk a1

B tusl process Varlaien

Observed process varation,
e

5UM 2.10 wanensminisnszaeda
fimswdsuudadluynduneu anwsvesnsidsuidasanusanuldlutadomsndai
WANANAUTINIATBINTTUIUMITRAILLANANSTEMITER A UATILLANGATEWIIaNTNY
sglsinuanuululiineisudadunssuaunsianaludnd Ayvegluuuiovun
= [ = L
NI UAIMATEINITIUNIU JFUuuuMsIavaneUssnm:

AL
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AMUEINaLlEN1YIEN - AeludiAiunisrseasedin
ANNENINTALUNTTYING - eI U URNuveseinaasesin

ATHYNADY

= 1 o .
AULEDYST - ANULLUENTWNET </ lis>
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ANUazdEn </ lis
AR - ANDYLULINNAIMUADT
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WMS9IAAINEINNTD IUNTYINGN

Repeatability

g‘dﬁ 2.11 afuleANNEINIsa LNy
s v u 1 di dl 2 @ 5 v =l o
sruumsinbinamileuiuvielilloniosfsriugninvateaslaeninauaufieniu? Ay

Tieuiondnedrmilvinsiddsunlasesgunsaivsegunsalilornnuegiuniseanuuurie
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Operator B

Operator C

Operator A

.
Reproducibility

JUTT 2.12 UARIAINLANAINYINANETEUY
syuunsindnawiiouiuvieliddlontniu 2 ¥3e 3 AunTTaNanduRe T UraIeRsa?
[ g 1 Y A wa = 1 dl' & w < 1 g o o d'

Arannsalun v ssiuuRawReseninuaTesieinduiaiilinnuudsiudulu
NITVILMTIANG ANEILITIUATNENEENIN1IRTIvdEURTaNTISUIITINI AL LR 19NN
Fuegiuanuuandssnitmdnaulunsldssuunsin msfine R & R ves Gage Ingunfiay
Uszneumpaesdiufienuamnsalunsing (anuiususiuzesgungnl) wagnsvingila

1 a 1 o | A4 a ! Y, Yo )
(gUwuUuszifiusan) msfinviudiseniliuaesdiuieinsanitasesainnislasumsivl

=] I <4 =% o @ ) o 8 o § < 13

viiegeuurunsan1sinevsidndudmiviuseneuns lumsduiniesigudvesnuulsus
AALAaIALARDY (USL-LSL) A11MLUSUTINYEINSEUIUNTIvLA (5.85 ¥iB 6 sigma nudeya
SPC) wiagUwuUMIANWITIMLA (5.85 vi38 6 sigma) anunsavilanels Jusgiudeyaain
MsANE MSA) wimalunseensuanuausalunsidwaz nsvingalay (%R&R):
melddaiianain 10%: gUwuunsinluiiveniuld
Y a =t s at 14 h:’; I a a ot s L4
ToRanan 10% & 30%: sruun1sine1weNiuld untuegiumNdAyYeINTIn, AUYUYeY
sruun1sineldanglunsveuusuvsausulsauayauansalunss Ui sAley </ li>

FoRANAIANINATT 30%: SzUUNTIARBILATUNTUSUUTY @uegiuanuainsoveInIzuIuns)

u

2.3.6. CP uay CPK
1 o qu‘ 1 5 © 28 o Vel 1
ArANaNLsauslatAruanINnsEUINNTHIRYhaunelaveMuusanng laRegals
fadd Aanuaunsaiegratesiiun Auunsihenudilasin e sousariTuah

Tiduusgleowd Tunsululdaulanau
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AIANNEINISD 2 AIusNTILS19z3uvinAudnla Ae Cp uay Cpk apefianeiunsnusem

e wanbllduaninanununefdmaia 2 sdusnaneiuegials
AUNUNBYBIAT Cp

1 A A : 5 = 1w 1%
AunslunITIAY Cp A ET/NT o ET 11210 Engineering Tolerance $UNINUAINNNIN
YOIVOULIA TAMUAIANIE &4 NT 171910 Natural Tolerance FUvNAUAIUNIT

1 £ ell 14 1 1 <& ] 1 ﬂt
ATEUARNYINBBYATILARIN NTrUIuNT tawdlng NT fe 6 WivesrleduunInsgIu
(Standard deviation)
wdnldan Cp Wuieuneanuansavesnssviunsansaaduaulaegwiniue

NaNUeItai INUAaNIE I b

AUNNBYBIAT Cpk
AuNTlUNIIMIAT Cpk Azdanugudounitnuuey Jeiainy
[minimum(mean = LSL, USL = mean)])/(0.5*NT)

o LSL 11910 ndnfinansvednimmusianis (Lower Specification Limit) wag USL 11970

YninauugeItonIuaaniy (Upper Specification Limit)

A1 Cp way Cpk

I ﬂ:‘lJ =l 2/ o 1 i d ﬂ=lll=| =0 2/ o e/
AU UWUTUAFIY INUARTY BTN mm1uLUsqmummg'}wasumuaa%m‘hﬁm

a1 = o = - v ! a1 P )
UAMIHINTU LLa:ﬁﬂ’JEJNE]UI’UWQﬂWaQ A1 Cp ey Cpk EUATARUDUNU

o I

adeyaroluil Wudeyauiunauemusaluieinds E85 Jamarnunme Cp uay Cpk uagnanld

U
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A
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Process Capability of Ethanol Volume
LSL
Process Data | Potential (Within) Capability

st 68 | C 142
Target * cPL 142
usL 83 | CPU 1.42
Sample Mean  75.5 I Cpk 1.42
Sample N 14 |
StDev(Wehin) 17664 | ||

|

|

|

|

|

|

|

|

|

|

|

;
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U @
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onvazilimngliiindndusiegneludemmuaanzlviinnian egnnsdiuiunaeniueaiioy
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Process Capability of Ethanol Volume

LSL UsL
Process Data Potential (Within) Capability

LSt 68 Cp 142
Target - CPL 236

usL 83 CPU 047
Sample Mean  80.5036 Cok 047
Sample N 14

StDev(Within) 1.7664

JUN 2.14 wamansminisnsraesmaluiualiuilis
U Oﬂl ﬂ. s 1 1 A -1 1 1 1 23 o 1 1 la' 1 Aﬂl
AnRAudwined s Ao 80.5 AAsllliAaNnnIAnanvesdefimualawIzey 5 Wiy Baruade
294 HF9E1EAMNIINAINANTDITAMUARWIZIINWIT NG Bl Cpk fiAmas wazvhln

A1 Cp wag Cpk JANLANANAUINTY

Aatunslgan Cp way Cpk Aedn 2 Al Jarmlndidusny wuieanudn Avedetudialndiuan
nane YastoiuualRWIziaziiler) Cp 1131 A Cpk aneANd Aladgagaaulunia

o L2 v o 5 :l" A -] v 2 15 1 o
Indriavesdoivuaan: ailaduvils Weamaunsayaruidilanssuiunislaua gouvi

Wnaausadndulalaiasiimsusulss nssuiumsedslsnau
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gﬂﬁ 3.1 L@RUNUNIN Block Diagram

NVT2001GM

GND | 1Y | 6 [[EN

VREFA || 2 5 || VREFE

A1 3 4 || B1

gﬂﬁ 3.2 NVT2001GM Voltage translator waz Advantest 93K Tester



3.1. NMSANYIAITUIIY

AnwinsviularAuaulvewinauiu data sheet

NVT2001; NVT2002

Bidirectional voltage level translator for open-drain and
push-pull applications
Rev. 4 — 27 Januéfy 2014 7 Product data sheet

1. General description

The NVT2001/02 are bidirectional voltage level translators operational from 1.0 V to 3.6 V
(Vrefay) @and 1.8 V to 5.5 V (V,efg)), Which allow bidirectional voltage translations between
1.0 V and 5 V without the need for a direction pin in open-drain or push-pull applications.
Bit widths ranging from 1-bit or 2-bit are offered for level translation application with
transmission speeds < 33 MHz for an open-drain system with a 50 pF capacitance and a
pull-up of 197 Q.

2. Features and benefits

B Provides bidirectional voltage translation with no direction pin
B Less than 1.5 ns maximum propagation delay
® Allows voltage level translation between:

® 10V Veaand 1.8V, 25V,3.3Vor5V Vs

® 12V Vaand 1.8V, 25V, 33V or5V Vg,

18V Vref(,q) and3.3Vor5V Vref(B)

®25V Vref(A) and5V Vref(B)

® 33V Vref(A) and5V Vref(B)

Low 3.5 ©2 ON-state connection between input and output ports provides less signal
distortion

9 V tolerant I/O ports to support mixed-mode signal operation

High-impedance An and Bn pins for EN = LOW

Lock-up free operation

Flow through pinout for ease of printed-circuit board trace routing

ESD protection exceeds 4 kV HBM per JESD22-A114 and 1000 V CDM per
JESD22-C101

SUT 3.3 data sheet ¥83 NVT2001GM
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VpuD) = 3.3 v(1)

200 kﬁr]
Vietqa) = 1.8 V(1) NVT2002  glen [Jreu [Jre
VREFA 5 7 VREFB
Rpu | [RPU
Vee [ Vee
SCL|« Al > 3 SW 6 < B1 » SCL
I2C-BUS I2C-BUS
MASTER | DEVICE
SDA |« A2 M SW A »| SDA
GND GND

,L /_LGND FJ?

gﬂff’i 3.4 n1511 NVT2001 TUT9enuase

3.2. N19EDNLAYNITIANUUUEN LS
3.2.1 MIATUIANUADINITUNAITIENAIUWTDUNTAINTInAT Twsiazu1vaef91U

Tudunauusnluniseanluuasaus Fandesrdaduognausnfe N15RNTUIAINLADINTT

uwissinenasuvegUnsainsinAn luusazu el lummegeuwsayignis

'
2/ o

NVT2001GM JuTuanuiill A1mnudumIueasimiunuyinany Asutee (Low R-on state)

o
@

FadutaAantanieodiliudIu WS1EaztunIsInAT AANETUNIUTEAITUIUYY ey

mnaaeutuneuniliiroudndfguavlutiaiendnvesmsdongunsal duniuivieadenaiods

'
=

nlanumngauuaziaiuglinseurgulunsinAn Aauimumuvzsiduuihnu lliaaaia

$usaalilu data sheet

i b
3.2.2 gunsailun1sinvaaaiomasaudueu

o AV fianuuiugrgilunisia

s

o PPMU gminnlfiduunasineussiu waensadadyauiiva
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401AVIGS2
401AVIGS3

11102

401AVIPF2
401AVIPS2
10907

SITE1

DUT1-1

SB9950-03FT
o ' l S1F1

33 S1S1

[ —
S182

C1_1

100nF 1—- S1F3

10% T S1S3

50V

GND

=S —

GND EN
VREFA  VREFB

A1 B1

S1F6
sise—1 ] 11109
S1F5
jMSS | 11110
c2_f1
S1F4 —L_100nF
5154 T 10%
50V
GND
(] 401AVIPF3

401AVIPS3
10908

B

i ¢ kY : 3
U7 3.5 mssenuuusiauaslun1smaaeuuiy single site

< s a A
EUVI 3.6 N199ONUUVEIIALISTUNITNAABUTUIY multi sites
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3.3, 35N15NAFDUAITUIIY

i (E
HH Kelvin_Test

i

JUN 3.7 flow 189N 159AABUFAITUIIY

3.3.1. n1snadau Kelvin (Kelvin test)

Wunsnaaeuiiiensisaeauin force line Way sense line vadunassnelazAivIny Insdu

nouilfidelideadsulusunsaiiy osniilusunsudiSagusesiu
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Force amplifier AVI64 channel al S ouT
; e PE e L sk :
l> | e s — [
Voll:age measurement - --L ............... ssanas ,
- Comparator }
i Termination _? I .
M J. J}_GNO I . ., \P
AVI64 card .I. _J_

JUT 3.8 UARINNTYINNUYDIUNATIENAINUAT force line waw sense line

3.3.2. NMsVAdUNNEUNE (Continuity test)

Tutuusndeudmiuleuussiuuazuinsin vesgunsalainsnnn veuvastielnantusen)
¥ A kL v 1 13 $ o A o v ‘ﬂl
999 MPU wihfunivesgunsaliidesnsmageuididenseuadilu Saviinavililalandivhwdii

Uoariu (Protection Diode) filasiavilaagludnuarluneanss sagu 3-1 uaz 3-2 lasdtlaunseua

wvandlulalendafisedu VDD 2£ldsuluneanss (Forward Bias)ianseuaisnednluasiisnetseming

U
2

100 pA 9 500 pA laleafilésuluseanseasiiussiunnasesdseanal 0.65 V Gaussiuilazanunsold
Wurrlunsnsanaeuld PMU axgnimuabilushiienssuduas nuseiu Saussiuunaudasgn

Yo w @ 1ol 1 a a CY ¢al v o
Wsunsulidiaussduegi 3v lidazifansilansednisastewigunsalimeasudesiveinis

@ = 1

) o ¥ A o s o ‘J = v
nadeun1silauazdnsil Ae Wegunsaithinmussiuninle Aorussiusdsfiannsadinseilsi

Annsanrsodlansasléviudl uiisnisuuud Addedeluseafutudeddnaiuiudmsunis

ATIAABUVMNUIVDIQUN Tl
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Opens/Shorts Test
Serial/Static Method, VDD Diode

DuT

VoD eov |
___PMU ; !
il 7'.‘;‘{:", S 8 i 1
FITINEE VOLTAGE  Brore '
| +100 117 REelIEs 42 100uA ,/
‘ | e '

1 {
Force . pRent
| ———

o

VOLYAGE | -

Measure

ey P
Bl I HRENT ]

-
VES = OV

Ground all ping (inelu VDD
Lo pins (including }

g PMU, force +100pA, one pin at a time.
Measure resultant voltage.

Fails tast } an) If voltage measured is greater than +1.5Y.
Fails test (s i voltage measured is less than +0.2V.

sUfl 3.9 msviadeu Opens / Shorts Test : VOD Diode

Opens/Shorts Test
Serial/Static Method, VSS Diode

, o 7 |
MU b 2 Rl <y,

e

Ground all pins (including VOD). !
Using PMU, Force -100uA, one pin at a time,
resuftant

Measura WO A
Fails test (shorted) if mgﬁ measured is greater than 0.2V,
Fails test {open) #f voltage measured is iesa than -1.5V.

5Uf 3.10 M3nAgoy Opens / Shorts Test : VSS Diode
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3.3.3. NSNAGBUNTEUES (IIH test)

Leakage Input Currents (IIH) Lﬂum‘mwaaunazLLaﬁlwaaaﬂmﬂmﬁuwm‘uaqqﬂnsail,ﬁaiﬁ
anugdunaduasdn 07 Fadumsiammnuiumussniendunnvesgunsaifuumasite (D)
Ernsvuaiialédeasniimua (-10uA) uansigunsaliulsiiunisvaaey (Fail) dau Current
Input High (IH) Wunsvageunseiailvaiindunnuesgunsaiilelianuzdunmiuaein 717 3

o/ 4 2/ I =3 € as & v l:JﬂJ vl | 4 o
HumsTaranudumuszuinwdunavesgunsaliuns1an dnszuafiialafanannniimun (-
10pA) wansdngunsaiiuliiunisvnaey (Fail)

Input Leakage High Test (IIH)
Serial Method

PMU TR
S VoLTAGE |
Force  unrent 1

M \
|

= VSS =0V
Apply VDD PMU Test Limits
Precondition all inputs to logic 0 with pin drivers. ar
Using PMU, force individual pins to VODmax. - +10-0hA
Wait 1 to 5 msec (Set PMU delay).

Measure resultant current.
f:aigs iiH if measured current is greater than +10.0uA.

gﬂﬁ 3.11 : Input Leakage High Test (IIH)

24



3.3.4. NMINAFDUAIAUATUNIUVULA9IUNNY (R-on state test)

1 LS al o d o v i
NMINAABUAIANAIUNTUYREAINIUYINUY (R-on state test) lun1svaaauiidAaiign

Tunounils Iaglmhnguedeviuunusyyndld lnevihnismaaeunall

1. Aassun Al wdawvindu o v

18NTELENTT Bl

as

TANTIAUN 71 AL WaT 97 Bl 4ANLIMILSIAUNRNATOUTEWINEINT

AN

o s 1 ¥ A 1 o
inguederuunlilunismarrnumunuinnasouaing

— PS1600

JUT 3.12 WaAeIBNITVIAFEY AIAIINATUNIUYAIZAIUYINY (R-on state test)

o o NV

3.3.5. n15nadauendu (Functional test)

wa

Dumsneasuiiiensisdeumsinuneidviavesnauniaasiiiduiesidoussiu

[ a

@t [ I a o o A (=3 o s P ' 4
wseau lnevimsdeyadnyguaivian 11 Al way Jann Bl Ardsavlayadyaaidsuianileu

3

7 =l

FEU N UNS UARIAUNEITEAUVDILTIAY
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Enable signal

VREFB

VREFA

® 0 B1

JUM 3.13 uansnanaaeulandu (Functional test)

3.3.6. 500§

SOTF Wumsdushaudnaunguwils e madousmnusnasmasaIniinageuinuyn
Turouui lngyihnsmageuyniuneumlisunmegeusnulunauusnalslusunsuieaiu e

lilyfluniavseldiivsyandamauigndnsieans gnaslutisfiegndn

3.4. N5 WLUIUSLNTUNAFDUAI VLY
3.4.1 AMISATUUAYINY

M3Bgulusunsuienaaaufiu ludureuusnyileuioniinisssy 11A19 9 veedu

wiauvanaNtRvseTeazidensing 4 Woldiiaismeasuiunuinamuduau
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Project Explorer BB Test Program Explorer 52 T =0 (g ntTestfiow cpp {,‘Dqga_l,m £ =0
Mhome/demo/devicesNVT2001GM_5_NOV/NVT2001GM_hotswitch Ry x -
= |, Device Information CconTeExT TEENE -

- | N Ny e | Mode |HW Connection Set | Comment I.r“mcmnner
ame [No |7 o
FANVT2001_FT | " |Ste1 [ste2 [Ste3 [sted [SteS [Ste6 |Ste7 |SteB
¥ Protocols | - .
|[]vrera 2 io std 13211 13202 13109 13016 13007 12914 12905 12812
7 @ NVT2001 FT_48_Stes HEN R st 10506 13205 13103 13001 12815 12713 12611 12413
Protocol Assignments | ENH 4 std 13213 13204 13111 13102 13008 12916 12814 12804
v 45 Pin Settings |[4 Jwrere 5 w0 std 13209 13116 13107 13014 13005 12912 12903 12810
5 [eN 6 e 13201 13108 13015 13006 12913 12004
4 Digital Pins 1= . td 13210 5 12913 12 12811
. I[6 Javiar 3 a4 si6 33216 33214 33208 33204 33202 33112 33106 33103
# Analog Pins [T Javier 4 ac SIG 33211 33210 33205 33115 33114 33109 33108 33102
&5 DPS Pins | 1 |
& Utiity Pins ‘ |

b g Utilty Purpose

b g Groups

=n

JUT 3.14 uamensimunvIy

3.4.2 ANSAIAISTEAULLTIAY

Tutuneuiae flTeulysunsuveaaufi@uau seassyaussiunsodiawseiu luns

VAADUFITUIY

SpecTool : 20x

File Select Change Edit Sort Display Doc Help

JUN3.15 wamanihenalusunsulunsaaaiusasiu

27



3.4.3 N1SAIALTLIAN

2/ U !
a oA

TutumeuilfideulusunsumameuimBunudesimuainayivdygyasuiinsduuveseiunm

wazarinavinsdluuvasatuan

Timing Setup
Select Edit Check Doc Display Format

JUN3.16 wanantsinalusunsulunisisandanad

3.4.4 M5 A8UTUSINSUNAFDUAITUIY

3.5. N13ATIFIUANYNADMAUsEANSNMN VLU TUN TUNAFDUATI U

[

JUT 3.17 MInTadeuAmgnAeILasysEaVEN nUadlUTUINTUNARRUMITUIY
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3.5.1. MSC analysis

o 9 ) da A ) o I w o
MNITIANANITNAADUFANIU 1NEBITZUY THLATMAGBUAIUALANFATU Taeviinig

NAFBURTUNY 50 Fu LavinsvngaUfTuLaDIsaY
3.5.2. N15WA15aU1AN Cp

¥msmaaeuftuny 13uau /200 A ileTarnuiisansivesintiuey
3.5.3. N15W915841AT Cpk

o

NISNAFBUMTUNULATI 31U 5 WKUStrip lasdnasamilounisnaaouainuluasniswan

PMNUsENS

3.6. MsUdpBuUUganAT

3.6.1 TRB (Test Review Board)

ﬁﬂm‘smsfmaaummgﬂﬁaqLLazﬂizaw%mwquiLan NeULNENTEUIUNITHER

5UTl 3.18 Test Review Board

29



UNna
NAN15798

4.1. aanUAvalUsunsy

anunsaveeuRliegnilinugneeg enss wiudr wasiiussdnSawauiigndd
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4.2 Han15IY
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JUN 4.1 vesa NVT2001 ldluansniswan



4.2.2

dyumanAuls way 518n15M519d0 (Software part and Checklist)
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U1 4.10 R & R analysis
1900: 114
toum: 1900 IIH_VREFASite: 1PASS  pin: VREFA Qe 0.014 <= 3uA force: SuA
tnum: 1901 IIH_VREFsite: IPASS  pin: VREFB -1 0.029 <= 3uA force: SuA
tnum: 1902 IH AL site: LPASS g A 1¢ 0282 <= 30A force: SUA
tnum: 1903 IIH_81  site: 1PASS pin Bl RS 0.206 <= Jud force: 5uA
tnum; 1904 IIHEN  site: LPASS  pin EN 16 0.003 ¢ I forcer 5 ub
- .
3UM 4.11 open socket evidence
| | ! | |
Tnum Name Cond | LoLimit | HiLimit | Unit  Mean Sigma Countl Cp | fpk_lo lcPk_hl MinVal | Maxval
100 |Kelvin_Test:Kelvin_AVI_A1@AVI_A1 ste1 | 1000] 1.000v | 1000] 0.000] 200ff - - | 1000] 1000
1000 |Continuity_test:OPEN_VrefA®VREFA Site1 | -0.350] 1.200/v | 0.804] 0,000 200§/999.99 §999.99| 660.04| 0804/ 0805
1900  |IIH:IIH_VREFA@VREFA [site1 | -1.000] 3.000juA | 0.027] 0010 200§ 6413 32.94| 9533 0.000 0.054
4001 [R_ON:RON4VSHB1@AVI_AL [site1 | 0000 6.000/0hm | 4.837| 0.008| 200§/122.19] f197.03 47.35 4814 4.856
4000 R ON:RON4VSB1@AVI Al site1 | 0000] 4.500/0hm | 2.283| 0.002| 200 47247/ f479.44| 46550/ 2278/ 2.287
S000 |TEST_3V3_VREFBmIn:TEST_3V3_VREFBmin@B1 |Site1 | 1.000| 1.000)v | 1.000/ 0.000, 200 f ] - 1000 1.000
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Trum Name LoLimit | Hilimit | Unt | Mean | Sigma | Count | #Lo fails| wHi fails| staid] Cok ficok to | Cok hi | Minval | Maxval
100 |Kehin_TestKehin_AVI_A1@AVI_AL 1.000] _1.000]v 1.000] 0.000]13920] 2 0 2 -|_1000] 1000
101 |Kelvin_Test:Kelvin_AVI_B1@AVI_BL 1.000] 1.000)v 1.000] oo00[13920] 1 [ 1 4 | _1.000] _1.000]
1000 _|Continuity_test: OPEN_VrelA@VREFA 0.350] _1200)V 0.807| 0.006/13,918] 0 2 | 28 20170 5939 2017| o794 0827
1001 |Continuity_test:OPEN_VrelB@VREFB -0.350| 1200V 0.849| 0.005] 13918 0 28 28 22.7 77.93 22.79| 0.837 0.868
1002 _|Continuity_test-OPEN_AL@AL 0.350] 1200V 0.851] 0.008/13.918] 0 28 | 28 f 1a7efl soes| 1s78] 0839 0873
1003_|Continuity_test-OPEN_EN@EN -0.350] 1.200(V 0897] 0006/13918] 0 8 | 28 nqﬂ 7379 1790 osss| 0917
1004 test-OPEN_B1@B1 0350 1.200/v 0.807] 0.005/13918| 0 29 | 20 ff 2assf 7217 2a55] o0792] 0824
1005 test:SHORT_VrefA@VREFA 0350 2.100)V 0.807] 0.00613,918| 0 0 o | 23460 23.46] 6636 0.793 0827
1006_|Continuity_test SHORT_VielB@VREFB 0350] 2100V 0.849] 0005/13918| 0 [ o | 32438 324a] m127] o0m37| 0868
1007_|Continuity_test:SHORT_A1@A1 0.350] 2100V 0.851] 0.008/13918| 0 [ o f 21230 2123 sae1] 0839 0873
1008 _|Continuity_test:SHORT_EN@EN 0350 2100V 0.897] 0.006]13918] o o o | 323l 3238 7114 o884 0917
1009 | Continuity_test-SHORT_B1@81 0350 2300V 0.807] 0005[13918] o 0 [ D la 2849 80.7| 0.792] 0.824)
1900 _|IIH-1IH_VREFA@VREFA 1000| 3000un | 0.03a] 0012[13889] 0 0 o . 27.80] 79.69] 0020 0078
1901 |l 1IH_VAEFB@VREF8 1000 3000/uA | 0.036 0.014|13889] 0 0 o f zsaof 2538] 72.06] 0015 009
1902 |IH:11H_AL@A1 -1.000| 3000jur | 0.341] 0119)13889] o [ [ !ﬂ 3.75] 742 o0131] 0.640)
1903 [liH IiH_B1@B1 1000 3.000/un | 0315 0107/ 13,889] o0 [ o 4 408 833 0121 0624
1904 |iIH:1IH_ENGEN 1000] 3000ua | 0.002] 0001[13889] o 0 o 407190 407.19] 99999 0.000 ooo_bf
4000 _|R_ON:-RONAVSBI@AVI_AL 0.000] 4500[0hm | 2328] 0030[13889] 0 0 o | 3ol 2562 2391 2104] 2419
4001__|R_ON:RON4VSHB1@AVI AL 0.000] _6.000/0hm | 4938 0106/ 13889] 0 0 0 333 1549 333 aes6] 5.6
5000 |TEST_3V3_VREFBmin TEST_3V3_VREFBmin@B1 1000 1 0.000[ 13889 0 0 [ o]
5001 |TEST_3V3_VREFBmaxTEST_3V3_VREFBmax@B1 1.000] _1oof[v 0000[ 13889 0 0 [ Cpk > 1 ‘67 0
5002 |TEST_1V2_VREFBmin TEST_1V2 VREFBmin@B1 1000]  1.000]V 1000] 0000/ 13889 o o [
5003 |TEST_1v2_VREFBmex:TEST_1V2_VREFBmax@Bl 1.000] 1.000]V 1.000] 0.000[13889] o 0 [ [ [_100o] 1000l

gﬂﬁ 4.13 Cpk analysis

Production Summary Count Yield [%]

Total Passed =

Total Failed =
Total Tested =

13889 99.8
ab \Qr2
13920
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NVT2001; NVT2002

Bidirectional voltage level translator for open-drain and
push-pull applications
Rev. 4 — 27 January 2014 - " Product data sheet

1. General description

The NVT2001/02 are bidirectional voltage level translators operational from 1.0 Vto 3.6 V
(Vref(a) @nd 1.8 V to 5.5 V (Vyefg)), Which allow bidirectional voltage translations between
1.0 V and 5 V without the need for a direction pin in open-drain or push-pull applications.
Bit widths ranging from 1-bit or 2-bit are offered for level translation application with
transmission speeds < 33 MHz for an open-drain system with a 50 pF capacitance and a
pull-up of 197 Q.

When the An or Bn port is LOW, the clamp is in the ON-state and a low resistance
connection exists between the An and Bn ports. The low ON-state resistance (R of the
switch allows connections to be made with minimal propagation delay. Assuming the
higher voltage is on the Bn port when the Bn port is HIGH, the voltage on the An port is
limited to the voltage set by VREFA. When the An port is HIGH, the Bn port is pulled to the
drain pull-up supply voltage (Vpy()) by the pull-up resistors. This functionality allows a
seamless translation between higher and lower voltages selected by the user without the
need for directional control.

When EN is HIGH, the translator switch is on, and the An I/O are connected to the Bn I/O,
respectively, allowing bidirectional data flow between ports. When EN is LOW, the
translator switch is off, and a high-impedance state exists between ports. The EN input
circuit is designed to be supplied by Viefg). To ensure the high-impedance state during
power-up or power-down, EN must be LOW.

All channels have the same electrical characteristics and there is minimal deviation from
one output to another in voltage or propagation delay. This is a benefit over discrete
transistor voltage translation solutions, since the fabrication of the switch is symmetrical.
The translator provides excellent ESD protection to lower voltage devices, and at the
same time protects less ESD-resistant devices.

2. Features and benefits

® Provides bidirectional voltage translation with no direction pin
B Less than 1.5 ns maximum propagation delay
B Allows voltage level translation between:

10V Vref(A) and1.8V,25V,3.3Vor 5V Vref(B)

® 1.2V Vnand1.8V,25V,3.3VordV Vg

¢ 18V Vref(A) and3.3Vor5V Vref(B)

25V Vref(A) and 5V Vref(B)

® 33V Vref(A) and 5V Vref(B)
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distortion

JESD22-C101

3. Ordering information

- NVT2001; NVT2002

~ Bidirectional voltage level translator

Low 3.5 Q ON-state connection between input and output ports provides less signal

5V tolerant I/O ports to support mixed-mode signal operation
High-impedance An and Bn pins for EN = LOW

Lock-up free operation

Flow through pinout for ease of printed-circuit board trace routing

ESD protection exceeds 4 kV HBM per JESD22-A114 and 1000 V CDM per

Table 1.  Ordering information
Tamp = —40 °C to +85 °C.

Type number Topside 'Number EPackage
marking  |ofbits [\ o
NVT2002DPL  N2002 2 TSSOP8
NVT2002GDI  N02 2 XSON8U
NVT2001GM N1X2 1 XSONB6

[1] GTL2002 = NVT2002.

[2] ‘X will change based on date code.

3.1 Ordering options

Description \Version
plastic thin shrink small outline package; 8 leads; SOT505-1
body width 3 mm

plastic extremely thin small outline package; no leads; SOT996-2
8 terminals; UTLP based; body 3 x 2 x 0.5 mm

plastic extremely thin small outline package; no leads; SOT886

6 terminals; body 1 x 1.45 x 0.5 mm

Table 2.  Ordering options
Type number  Orderable Package Packing method Minimum Temperature
part number order
quantity

NVT2002DP NVT2002DP,118 TSSOP8 Reel 13" Q1/T1 2500 Tamb = —40 °C to +85 °C
*Standard mark SMD

NVT2002GD NVT2002GD,125 XSON8U Reel 7" Q3/T4 3000 Tamb =—40 °C to +85 °C
*Standard mark

NVT2001GM NVT2001GM,115 XSON6 Reel 7" Q1/T1 5000 Tamb = —40 °C to +85 °C

NVT2001_NvT2002
Product data sheet

tarl

*Standard mark SMD

ion provided in this document is subject to legal disclaimers.

Rev. 4 — 27 January 2014

© NXP B.V. 2014, All rights reserved.
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NXP Semiconductors  NVT2001; NVT2002

Bidirectional voltage level translator

4. Functional diagram

VREFA  VREFB

NVT20xx
——EN

Al B1

002aaei32

. [%P{%]-l

: Fig1. Logic diagram of NVT2001; NVT2002 (positive logic)

5. Pinning information

5.1 Pinning

5.1.1 1-bit in XSONG6 package

NVT2001GM

GND
VREFA

Al

002aae211

Transparent top view

- Fig 2. Pin configuration for XSON6

5.1.2 2-bitin TSSOP8 and XSON8U packages

 VREFA VREFB
NVT2002GD
ow [ O [E] e 8 (5]
VREFA [2]] — | 7] VREFB
At 3] 5] 81 A2 [s |2
A E E RE ‘ 002aae215
002aae214 Transparent top view
Fig 3. Pin configuration for TSSOP8 Fig4. Pin configuration for XSON8U
NVT2001_NVT2002 IlxNS Allinformation provided in this document is subject to legal disclaimers. . @ NXP B.V. 2014. All rights reserved.
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NXP Semiconductors NVT2001, NVT2002

Bidirectional voltage level transiator

5.2 Pin description

Table 3.  Pin description

Symbol Pin Description
NVT200111 |NVT2002(2
GND 1 1 ground (0 V)
VREFA 2 2 low-voltage side reference supply voltage for An
A1 3 3 low-voltage side; connect to VREFA through a pull-up
A2 ) 4 resistor
B1 4 6 high-voltage side; connect to VREFB through a pull-up
B2 _ 5 resistor
VREFB 5 T high-voltage side reference supply voltage for Bn
EN 8 switch enable input; connect to VREFB and pull-up

through a high resistor

[1] 1-bit NVT2001 available in XSON6 package.
[2] 2-bit NVT2002 available in TSSOP8 and XSONB8U packages.

6. Functional description

Refer to Figure 1 “Logic diagram of NVT2001; NVT2002 (positive logic)”.

6.1 Function table
Table 4. Function selection (example)
H = HIGH level, L = LOW level.
Input ENI Function
H An =Bn
L disconnect

[1] ENis controlled by the V) logic levels and should be at least 1 V higher than Vgfa) for best translator
operation.

NVT2001_NVT2002 Al b All information provided in this document is subject to legal disclaimers. © NXP B.V. 2014. All rights reserved.
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NXP Semiconductors  NVT2001; NVT2002

Bidirectional voltage level translator

7. Application design-in information

The NVT2001/02 can be used in level translation applications for interfacing devices or
systems operating at different interface voltages with one another. The NVT2001/02 is
ideal for use in applications where an open-drain driver is connected to the data 1/Os. The
NVT2001/02 can also be used in applications where a push-pull driver is connected to the
data I/Os.

7.1 Enable and disable

The NVT20xx has an EN input that is used to disable the device by setting EN LOW,
which places all I/Os in the high-impedance state.

200 kQ r]

Vpu(o) = 3.3 V(1 !
|
|
[

NVT2002
Vref(a) = 1.8 V(1) 0 8|EN []RP J []RP A
VREFA |, ;| VREFB
Rp Rp | ;

Vee [I] 3 e Vee
scL ALlS [sw] 1 XL scL
12C-BUS , [2C-BUS
MASTER DEVICE
SDA N [sw] e 41 SDA
GND 1 GND
’L rJ_,GND ,_L

002aae134

(1) The applied voltages at Viefa) and Vpyp) should be such that V,eg) is at least 1 V higher than
Vref(a) for best translator operation.

Fig 5. Typical application circuit (switch always enabled)

Table 5.  Application operating conditions
Refer to Figure 5.

'Sir'mnbbl e L R Y2 T R Typﬂ iy
Viet(B) reference voltage (B) Viefa) + 0.6 2.1 5 V
VIEN) input voltage on pin EN Viefiay + 0.6 2.1 5 V
Vief(a) reference voltage (A) 0 155 44 V
lsw(pass) pass switch current - 14 - mA
lref reference current transistor - 5 - pA
Tamb ambient temperature operating in -40 - +85 °C

free-air

[1]1 All typical values are at Tamp = 25 °C.

NVT2001_NVT2002 Ail_‘ipfu‘rmavtiqr) provided in lhwsrq_o.c‘qme.nli ?qugupjgct to legal disclaimers. e, @ NXP B.V, 2014. All rights reserved.
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(1) In the Enabled mode, the applied enable voltage V,gy) and the applied voltage at Vieqa) should be
such that Viesg) is at least 1 V higher than V g for best translator operation.

(2) Note that the enable time and the disable time are essentially controlled by the RC time constant of

the capacitor and the 200 k< resistor on the EN pin.
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Fig 7. Bidirectional translation to multiple higher voltage levels
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7.2 Bidirectional translation

For the bidirectional clamping configuration (higher voltage to lower voltage or lower
voltage to higher voltage), the EN input must be connected to VREFB and both pins pulled
to HIGH side Vpy(p) through a pull-up resistor (typically 200 k). This allows VREFB to
regulate the EN input. A filter capacitor on VREFB is recommended. The master output
driver can be totem pole or open-drain (pull-up resistors may be required) and the slave
device output can be totem pole or open-drain (pull-up resistors are required to pull the Bn
outputs to Vpyp)). However, if either output is totem-pole, data must be unidirectional or
the outputs must be 3-stateable and be controlled by some direction-control mechanism
to prevent HIGH-to-LOW contentions in either direction. If both outputs are open-drain, no
direction control is needed.

The reference supply voltage (Vief(a)) is connected to the processor core power supply
voltage. When VREFB is connected through a 200 kQ resistorto a 3.3 Vto 5.5 V Vyyp)
power supply, and Viefa) is set between 1.0 V and (Vpyp) — 1 V), the output of each An
has a maximum output voltage equal to VREFA, and the output of each Bn has a
maximum output voltage equal to Vpyp).

7.3 How to size pull-up resistor value

Sizing the pull-up resistor on an open-drain bus is specific to the individual application and
is dependent on the following driver characteristics:

® The driver sink current
¢ The Vg of driver
® The V,_ of the driver

* Frequency of operation

The following tables can be used to estimate the pull-up resistor value in different use
cases so that the minimum resistance for the pull-up resistor can be found.

Table 6, Table 7 and Table 8 contain suggested minimum values of pull-up resistors for
the PCA9306 and NVT20xx devices with typical voltage translation levels and drive
currents. The calculated values assume that both drive currents are the same.

VoL = VL = 0.1 x Ve and accounts for a +5 % V¢ tolerance of the supplies, £1 %
resistor values. It should be noted that the resistor chosen in the final application should
be equal to or larger than the values shown in Table 6, Table 7 and Table 8 to ensure that
the pass voltage is less than 10 % of the V¢ voltage, and the external driver should be
able to sink the total current from both pull-up resistors. When selecting the minimum
resistor value in Table 6, Table 7 or Table 8, the drive current strength that should be
chosen should be the lowest drive current seen in the application and account for any
drive strength current scaling with output voltage. For the GTL devices, the resistance
table should be recalculated to account for the difference in ON resistance and bias
voltage limitations between Vccg) and Vega).

NVT2001_NVT2002 )| . Allinformation pravided in this document is subject o legal disclaimers. . ©NXP B.V. 2014, All rights reserved.
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Table 6. Pull—up res:stor minimum va!ues 3 rnA driver sink current for PCA9306 and NVT20xx
~ A-side B-side
12V 15V 1.8V 25V 3.3V 50V
1.0V Rpu(A) 7500 Rpua) = 845 Q ' RPU(A, 976 QO hpu(A =none 'Rpu(A) none Rpu(A) none
CRoup)=750Q Ry =845Q  Ryyg)=976Q  Rpupe =887Q Rpye)=1.18kQ Rpye)=1.82kQ
1.2V | Rpua) = 93102 Rpya) = 1.02kQ  Rpya) = none Rpu(a) = none Rpu(a) = none
Rou@) =931 Q  Rpup) = 1.02kQ  Rou@) =887Q  Ryye =1.18kQ  Ryyp) = 1.82kQ
1.5V Rpuea) = 1.1 kQ Rpy(a) = none Rpua) = none Rpu(a) = none
Rou@)= 1.1kQ  Roye =866 Q  Ryyp)=1.18kQ Ry = 1.78 kQ
18V Rouay = 147 kQ  Rpyay = none Rpua) = none
Rpu@) = 147 kQ  Rpug) = 1.15kQ  Ryye) = 1.78 kQ
25V Roua) = 1.96kQ  Rpya) = none
Rpue) = 1.96 kQ  Rpy@) = 1.78 kQ
3.3V Rpy(a) = none
Rou) = 1.74 kQ
Table 7. Pull-up resistor minimum values, 10 mA driver sink current for PCA9306 and NVT20xx
A-side ; B-side
12V 15V 1.8V A B 3.3V 50V
10V Ryuw=221Q  Rpua=2550  Rouw=287Q  Rym=none  Rpqw=none  Rpya=none
CRou@=221Q Ry =255Q  Rpue)=287Q Ry =267Q  Ryu@=357Q  Rpupe) =549Q
12V Roua) =274 0 Rpya)=309Q  Roymy=none  Rpya=none  Rpys) = none
_ Rou@) =274 Q  Rpug)=309Q  Rpup =267Q  Rpyp)=357Q  Ryye) =549Q
15V | Rpu(a) = 3320 Rpu(a) = none Rpu(a) = none Rpu(a) = none
Rou@y=332Q  Rpup=261Q  Rpup)=348Q Ry =536 0
1.8V Roun) = 442 Q Rpu(a) = none Rpu(a) = none
Rpue) = 442 © Rpup) = 348 Q Rpu(e) = 936 Q2
25V Rpua) = 590 Q Rpu(a) = none
Rou@) =590 Q Ry =523 Q
T Rpua) = none
Rou) = 523 Q
NVT2001 NVT2002 | _ Allinformation provided in this document is subject o legal disclaimers. . ©NXP BV, 2014, Allrights reserved.
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Table 8.  Pull-up resistor minimum values, 15 mA driver sink current for PCA9306 and NVT20xx

A-side  B-side
1.2V 15V 1.8V 25V 3.3V 50V

10V Ruw=1470Q Ryyn=169Q Ryw=191Q  Rpa=none  Rpym=none  Rpya) = none
Ru@)=147Q  Ru@=169Q Ry =191Q  Ru@=17802  Ryp=237Q  Rpye) =365Q
12V Roua) = 1820 Ry =205Q  Rym=none  Rpyay=none  Roya) = none
; Rou@) = 1822  Roy@=205Q Rue=178Q Ryy@=237Q  Rpyp) =365Q
i 1.5V Roua) = 221 Q Rpu(a) = none Rpu(a) = none Rpu(a) = none
Rou@)=221Q  Roy@=174Q Ry =232Q  Rpyp) =357 Q
1.8V Roua) = 294 Q Rpu(a) = none Rpu(a) = none
Rou@) =294 Q  Roug)=232Q  Rpyp) = 3570
25V Rouay = 3920  Rpy(a) = none
Roug)=392Q  Rpyg) = 3570
3.3V Rpu(a) = none
Rpu@) = 348 O

7.4 How to design for maximum frequency operation

The maximum frequency is limited by the minimum pulse width LOW and HIGH as well as
rise time and fall time. See Equation 1 as an example of the maximum frequency. The rise
and fall times are shown in Figure 8.

Foie = : (1)

e owiminy T tarcEminy T icacnian T tactuaty

trtactual) tr(actual)
v tHIGH(min)
ViH CL — 0.9 x Veg
[— tLOW(mn)—'/
v 0.1 x V,
= VoL *Vce
1/ frnax
GND
002aag912
Fig 8. An example waveform for maximum frequency

The rise and fall times are dependent upon translation voltages, the drive strength, the
total node capacitance (Cy o)) and the pull-up resistors (Rpy) that are present on the bus.
The node capacitance is the addition of the PCB trace capacitance and the device
capacitance that exists on the bus. Because of the dependency of the external
components, PCB layout and the different device operating states the calculation of rise
and fall times is complex and has several inflection points along the curve.

The main component of the rise and fall times is the RC time constant of the bus line when
the device is in its two primary operating states: when device is in the ON state and it is
low-impedance, the other is when the device is OFF isolating the A-side from the B-side.

A description of the fall time applied to either An or Bn output going from HIGH to LOW is
as follows. Whichever side is asserted first, the B-side down must discharge to the Vgc(a)
voltage. The time is determined by the pull-up resistor, pull-down driver strength and the

@ NXP B.V. 2014, All rights reserved.
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capacitance. As the level moves below the Vcca) voltage, the channel resistance drops
so that both A and B sides equal. The capacitance on both sides is connected to form the
total capacitance and the pull-up resistors on both sides combine to the parallel equivalent
resistance. The Rqn of the device is small compared to the pull-up resistor values, so its
effect on the pull-up resistance can be neglected and the fall is determined by the driver
pulling the combined capacitance and pull-up resistor currents. An estimation of the actual
fall time seen by the device is equal to the time it takes for the B-side to fall to the Vcg(a)
voltage and the time it takes for both sides to fall from the V¢ a) voltage to the V_ level.

A description of the rise time applied to either An or Bn output going from LOW to HIGH is
as follows. When the signal level is LOW, the R,y is at its minimum, so the A and B sides
are essentially one node. They will rise together with an RC time constant that is the sum
of all the capacitance from both sides and the parallel of the resistance from both sides.
As the signal approaches the Vcg(a) voltage, the channel resistance goes up and the
waveforms separate, with the B side finishing its rise with the RC time constant of the

B side. The rise to Vcgya) is essentially the same for both sides.

There are some basic guidelines to follow that will help maximize the performance of the
device:
* Keep trace length to a minimum by placing the NVT device close to the processor.

* The signal round trip time on trace should be shorter than the rise or fall time of signal
to reduce reflections.

* The faster the edge of the signal, the higher the chance for ringing.

* The higher drive strength controlled by the pull-up resistor (up to 15 mA), the higher
the frequency the device can use.

The system designer must design the pull-up resistor value based on external current
drive strength and limit the node capacitance (minimize the wire, stub, connector and
trace length) to get the desired operation frequency result.

8. Limiting values

NVT2001 NICudL

Product data sheet

Table 9. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).
Over operating free-air temperature range.

Symbol Parameter Conditions Min Max Unit
Vrer(a) reference voltage (A) -0.5 +6 Y
Vrei(B) reference voltage (B) -0.5 +6 V
\% input voltage -0.5011 +6 v
Viio voltage on an input/output pin -0.51 +6 V
lch channel current (DC) - 128 mA
lik input clamping current Vi<0V -50 - mA
lok output clamping current 2] 50 +50 mA
Tstg storage temperature -65 +150 °C

[1]1 The input and input/output negative voltage ratings may be exceeded if the input and input/output clamp
current ratings are observed.

[2] Low duty cycle pulses, not DC because of heating.

All information pravided in this document is subject (o logal disciaimers. ... ©NXP B, 2014, All ights reserved.
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9. Recommended operating conditions
Table 10. Operating conditions
Symbol Parameter Conditions Min Max Unit
Vo voltage on an input/output pin ~ An, Bn 0 5.5 Vv
Vref(a) reference voltage (A) VREFA o 54 vV
Vret(B) reference voltage (B) VREFB Mo 55 %
ViEN) input voltage on pin EN 0 55 Vv
lsw(pass) pass switch current - 64 mA
Tamb ambient temperature operating in free-air -40 +85 °C
[1]  Vrera) < Viergy— 1V for best results in level shifting applications.
10. Static characteristics
Table 11. Static characteristics
Tamp = —40 °C to +85 “C, unless otherwise specified.
Symbol Parameter - Conditions Min Typlll  Max Unit
Vik input clamping voltage =18 mA; Vignyy =0V - - -1.2 Vv
Iy HIGH-level input current Vi=8V; Vignyy =0V - - 8 HA
Cieny input capacitance on pin EN Vi=3VoroV - 7.1 - pF
Cio(ofn) off-state input/output capacitance An, Bn;Vo=3Vor0V, - 4 6 pF
VI(EN} =0V
Cio(on) on-state input/output capacitance An,Bn;Vg=3Vor0V,; - 9.3 12.52  pF
Viegny =3V
Ron ON-state resistance An, Bn; V;=0V; o =64 mA; ElHIE 1 2.4 5.0 Q
Viegny=4.5V
V=24V, lp=15mA,; B4l - 4.8 7.5 Q
Vien = 415 Y

(1]
(2]
(3]

[4]
[3]

NVT2001_NVT2002

Al typical values are at Tamp = 25 °C.

Not production tested, maximum value based on characterization data of typical parts.

Measured by the voltage drop between the An and Bn terminals at the indicated current through the switch. ON-state resistance is

determined by the lowest voltage of the two terminals.
See curves in Figure 9 for typical temperature and Vg behavior.
Guaranteed by design.
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c. lo=15mA; V=24V, Vigny=3.0V d. lo=15mA V|=17V, Vigny =23V
Fig 9. Typical ON-state resistance versus ambient temperature
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