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Reliability Verification and Improvement of High Voltage Integrated Circuit
(HVIC)

Student : Allan Tseng Advisor : Dr. Edward Y. Chang

Co- Advisor : Dr. Li. Chang

Semiconductor Material and Process Equipment Program of
College of Engineering

National Chiao Tung University

Abstract

High Voltage Integrated Circuit (HVIC) is popularly used in the fields of
LCD controller, white LED Driver and Mobile Electronics at present. For high
reliability consideration, the complex process as BCD (bipolar, CMOS and
LDMOS) process is introduced worldwide. For cost down purpose, the chip
size 1s reduced as small as possible and the low cost package solutions as SOP,
SOT...etc are selected. So the key works in this study are to get enough power
dissipation with high ESD robustness in the compact space.  This thesis uses a
42V 1A BCB HVIC to study the ESD robustness at product level and system
level, and also studies the methodology of High Temperature Operating Life
(HTOL) test for the high power management IC.
Some specific results are (1) Significantly upgrade Product Level ESD

robustness by way of changed device structure (Channel Length), skipped LDD
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process and wire bonding type of package. (2) After the experiments, we find
HV IC performance, the reasonable experiment temperature is 85°C. To get

enough accelerated factor, the accelerated factor of high voltage up is easy to
handle with no extra cost in the new experiments. (3) Dynamic resistance of
board level ESD protector will impact the internal circuit when the extra huge
power is discharged. So the isolated space (between LED Anode soldered
point and LED heat sink) is studied and verified. 4mm space can pass SL ESD

8KV test which is the minimum distance requirement in system level ESD.
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Bl 1.1(a)-1.1(d) 777 Eh# 7 078 g, @ F 7 446 5%
(a) positive-to-VSS (PS-mode), (b) negative-to-VSS (NS-mode), (¢)
positive-to-VDD (PD-mode), and (d) negative-to-VDD (ND-mode).
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HY J R PR, §3F 5 REA LR & HVIC, 54 DEMOS
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LDMOS ( Lateral Drain MOS) , & & % jg |t 4 chg Feiw # foif § o=
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B et/ MOS (Low Voltage MOS ) T 2|5 Bl4cB 2.1 #r7
© gt R 2% K HVIC 9% 4 v 4k o bo | SR 383 o L o) e
i E4pF B8 . Wi £ & (channel-Length) % Rii&¥ i* & & &
( Gate-Oxide-Thickness) #ig £ 55 " EP% % &, % & R fFHTE .
{ A CMOS ®Azd ¥ aE TR (VDS) " K3 2V 17, Fpt

BF PR ERY HERET 100A(10nm) . %3+ %% (punch-

through ) % 2 # (Avalanche Breakdown ) efr# KX it 4 & * 5 '% 1

3
=
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LD IERIPN %fr:rhfsﬁ#u b L av R 4 FY R e

Ak & (Drain) ¥ /i #& (Gate) 2. F 4c » #£48 » (light Doped) n-type



gap ¥ #{ B AT B(Vds). & RF ¥ L F Drainto gate ¥ iR <

e, Ecrit ( critical electric field ) R 32 % 2 ¢ NPN BIT 473 ¢ B 5
Ecrit % i £_3 | 5MV/em [9]. & > Active Gap DENMOS # & #l4r
B 2.2, B 2.2 (a).(b) A % 5 $E~ o7 $4E Active Gap DENMOS
(AGDEMOS). d iz AGDENMOS % f#8 = Tx "
ArrvRo5l ) 2F S d ﬁiﬂ W (transmission gate ) 773K 3 iij% v i A-G
DENMOS = Bac 4 & 5V 1 30V 2 , ® #%7% -] Ron-sp
( specific on state resistance ) e 5 . § VDS /R4 30V Eﬁij“u\/» B
% Jg ¢ * Field-Gap DENMOS ( F-G DENMOS ). F-G DENMOS #1215
Bl d WAac-B 2.3, B 23 (a),b) » % & $#Hf2 % 4 F-G DENMOS.
Field-GAP #% ¥ ** Drain & Gate 2. " * 1 5{3% VDS, I T =it Ecrit.
& * RESURF ( reduce surface field ) 924 . 4ci low-doped-region
Tt weErTEg, &a %3 Ecrt g 4

tp >t DEMOS, LDMOS ( lateral diffused MOS ) ¥ 42 5 7 3
ek ¥ S 4E r MR s Rty aid i 48~ (channel doping ) ¥
i . = LDMOS «id :g £ & (channel length ) +* DEMOS
A LRt Sz - ] AT UG FT UHEE RN L v
TRANE2 I3V, L3 e BRFHETIRAY UREX T . F

2.4(a),(b) » w5 field-gap §= active-gap LDMOOS 33| % B . & B W
5



ALt ¥ AZB B F & (thick-field-oxide) 11 3% 325t ( Field

plate ) * 12y “,f /i o & > (junction curvature effects ) [10-11]. — &

% ;2 DEMOS # % *t 3 BT /%Y  LDMOS #* >3 B T
zE . BBt dL-g ;4 DMOS ( quasi-vertical DMOS ) , IGBT
(insulated gate bipolar junction transistor ) frag4&® DMOS ( super
junction DMOS ) d **v P en@ i s 485 |, 2 2 40733 BRAMT B

R R R B A S )
AL P ER I =S =

22 #FR FELREF TR FEB

Faxq (BSD) o 4 a4+ RET AR I & . 5 F T 4
AR eEHPREmBPE» 4 | BB RTRG- BaLT T
(current impulse ) [12]. B] 2.5 %75 - B2 3] EDS FE T B . Tk
W RN VTR [13]28 ~ %, mpl/mnl R fEALE B 3
VDD/VSS 1 d g2 b 3R EAR S . d i a0k e 2 PMOS/
NMOS (Mp2/Mn2) #f 43~ , “TU ¥ B H* ivp AR~ - B
% % # NMOS/Mn3 #-c % VDD 3| VSS 2 & , '3 mE L, #
PRAOTHRAD LA Mn3 SR FR 84 Mn3 P g | 37 e
TR . R0 R ABERERG, B 2.6 () B NMOS 93a B

F¥gse T F 4 cHNPNBIT. ¢ NMOS 9 N+ Drain, P-substrate f= N+



source = - BF4 npnBIJT. &% npnBJT. ZH npn F
F LT & NMOS ZpF, 2B % 2 1 npnBJT 7 12 Eid afads |
AKX A o] ESD = B, iEA R IRT R . 2B 2.6 (b), Vtl
o Itl & % 5 F 2 BIT e % % & (Trigger Voltage ), % /&I Vil
pF 2 8 (avalanche effective ) % # A Drain —substrate i@ , 224 < &
FTFLFHET T Ieam)d Isub T~ fRIEE L, VDS, ID °F
prt A - B 3l I2/Ve2, gt BRAL 1T S =t #p B (second breakdown
point ). & B FF{s p* NMOS # ic Axg % »c1 [12].

5 dpfeh NMOSESD k%% , 5% § 7 £<%> (turnon) 7 -
KA AL, AR % X F 2 9 n-p-n 7 Rsub (substrate resistance ) #
- RePFE B 2.7 5 % dph e NMOS AR E 3G B, d e
& i1 n-p-n BJT &0 Rsub fRiE+ 3 H v =% 10 BIT, #r U7 %F F
Fpk | i2a B BIT & A4tfcds ESD ' T Bitd 1 NMOS
snapback holding voltage, & #& % T = = # & 7 & ( second breakdown
voltage Vt2 . BF 2 v jf 4 T & (trigger voltage Vtl ) =3+ V = =t #jF
TR (V2), 78E T A NMOS #-& 240 ¥ 58 , b8 T ) o
i Fl@ g ? L NMOS ## 7 xR 458, [14] B 2.8 ¥ 7 P & 7
3593 gfxd(turn-on ) IR % . izt Bl &2 EMMI ( Emission
Microscope Inspection ) 2 TLP ( Transmission Line Pulse ) * F¢ ip] Z_

, Fpt R At B 2 3 A KB IC R pEa s, L2
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iz iF B 42 gate-couple 2 substrate-triggered ¥ PHTFIALIE I 04 F LY
% TR (trigger voltage ), & * 5 dpskeh® — B NMOS it - I i,

[15-18]

ESD # 4 R F1+ R & BRI R Tr > UpF T A2 Dk 72
BORAB A7 o T RH AT L B [19]

1. ~ %87 #74] (Human-Body Model, HBM )

2. ¥ E2x 7 #-4] (Machine Model, MM )

3. ~#2x g #74] (Charged-Device Model, CDM )

\

TR R T A B dm e A R Bl
22.1 * %82z % 3] (Human-Body Model, HBM )
A ’?ﬁﬂ";ﬂdﬁ—}\ v m&;’ j\/);?(ﬂ;j\ 9 A 'Eﬁ ° g ttnggFﬁ’?;%I%\ﬁ

ToAHOERTTIFIFES EIKV[20]. AP FEERFIAA G

B EHA) (ns) OFR > ARAERFR AL GERF TR g8

£ £ W™ %22 ESD ¥ f ik - ik ESD 1 ¥R

i 2 MIL-STD883E Method 3015.7 [21-23] #7537 T_eipli& A4 - B 2.10



BEr ST RB o B P A% axd F 5 100pF 0 A R E D

T i 15kU. p § g eha (T2 d HIGH VOLTAGE SUPPLY

d 2RI #2 % (100pF) 2T > B F T AMRER > L 5d B H

4o d T % (100pF) % 1.5kQ %3 3| Fpl4~. B 2.11 %7 HBM #:

3 0Q f R T kA,

222 # ®x 7 3] (Machine Model, MM ) [24]

BReLaPFEAd £ EH TS ARFIREREP L 7

Pl R EABHTEA s EREARFTLI R 1 EEET
ERAETES - BETRTERLS B 21297 c H1 TR

¢ HIGH VOLTAGE SUPPLY &4 %Rl % % (100pF) %% »

EERETAAER Lod BRMER > J £ % (100pF) % &4

EFEFDTRT. M2.13 5 MM EALAE0Q f iz e T ),
Fle xR A £ Hh e > ZH T EARTH 0Q - o

R BN e T B A MR T S e A ) Bl

Mg 3 Bt ERFTT AL B ERT RFREE R
EIAJ-IC-121 method 20 iR|7& 4=

223 =~ 32§ i3] (Charged-Device Model, CDM ) [25]

AERTES A AR AR TR A IC PIREHFER
LR AETTRERY IC X3 HEG - FRAHABTIRFIC o

pin %rgiff 33 flarcT BRI > #FR R AL S IC apin %ra i 3
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Poom@d AT I o B 214 L A E T RIST 4B B 215 5 CDM

B s4$ %% (SLESD) il IEC6100-4-2 4 % [26]
241 # Fwp
ESD *# 5 ¥d 2+ s5E ¥ (reset), &:F 4 Fifl, in4s | 7
PRAEEUE Y ER RERFRAETF L2 A{oi * 34 K2 ESD +
B WP ES RRAFI ARG DALY R LU E B SRR
- S ?’T‘E’Kfa’g F g Fa /E‘_iﬁ*ﬁa% IEC6100-4-2 g3

242 2% (Overview )

#3727 A4 Bendd b (Characteristic of ESD generator)
#32& =t (Range of test levels )
B3R 28 3k % (Test set-up )
B3EA2 B (Test procedure )
B3R % % agwr 3l (Evaluation of test results )

243 #T%T A Z B



% (Radio) # &% (conducted) *+ #EF L F Pk % ( Equipment
Under Test), *Fr4 it T %, "Un T fetcd B M ke b a g
speniz® . ESD A 4 BA4cB 2.16 #77, %7 Ef vt BLACE] 2.17 47

7 .ESD A3 BehE & EFHE R0k 21,

% 21ESD 24 BchE EHF P L

Energy storage capacitance (C_+ C ) 150 pF +/-10 %

Discharge resistance (Rd) 330 2 +/-10 %

Charging resistance (RC) Between 50 MQ and 100 MQ

Output voltage (note 1) Up to 8 kV (nominal) for contact
discharge

Up to 15 kV (nominal) for air discharge

Tolerance of output voltage indication | +/-5%

Polarity of output voltage Positive and negative (switch able)

Holding time At least S sec

Discharge, mode of operation (note 2) | Single discharge (time between successive

discharges at least 1sec)

Wave shape of discharge current See Fig. 2.17

NOTE 1 Open circuit voltage measured at the energy storage capacitor.
NOTE 2 The generator hold be able to generate at a repetition rate of at least 20

discharges per second for exploratory purposes only.
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244 Rl =
25

BI RTRRETRAEMIESAcL 22, 427 lathT enE B2 A7

B> &7 Db HhoF i3 § 2T 3] (Air Discharge ) . 3@ ¥ 3R * 3%

WA TR, R A AR TR S R, AR b A
FA AT - T
3022 BT RTRIETRE &
1a — Contact Discharge 1b — Air Discharge
Level Test Voltage (kV) Level Test Voltage (kV)
1 2 1 2
2 4 2 4
3 6 3 8
4 8 4 15
Xl) Special Xl) Special
D)
“X” is an open level. The level has to be specified in the dedicated equipment
specification. If higher voltages than those shown are specified, special test
equipment may be needed.
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2.4.6 PlEARR

R HRBHPREOPRE , AR DI ERE ST
SRR 15 R C 32 35 R C

¥R RE 1 30% I 60 %

~ % &+ :86kpa I 106kpa

247 PlRER % R

&H
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\ DRAIN

SOURCE /

PW/Psub

Bl 2.1 @ Leni< /8 MOS ( Low Voltage MOS )2 6 B

SOURCE /

i DRAIN
A A—
NDD NDD

PW/Psub

(a)

SOURCE / DRAIN
| P+ e LN+

NDD

PW/Psub

(b)
Bl 2.2 (a),(b) ~ % 5 #4558 {072 #4L:% Active Gap DENMOS T 4§, 88
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SOURCE //":"?-’:'7/%"/ ) ///FOX DRAIN

Pepi/ Psub

(a)

GATE 7
SOURCE f"f/fj’}’/f/ﬁ’f/f/ﬁf/f///{;x DRAIN

Pepi/ Psub

(b)

B 2.3 (a)(b) A %] 5 $4§-87 7 %14 F-G DENMOS. Field-GAP # %

* Drain ¥¥ Gate 2 FF* m 35 VDS, ¥ T2t Ecrit.
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R ARSI
SOURCE ;,xfkfj;ﬂﬁ?% 5% DRAIN

HVNW

Psub

(a)

GATE E%%%ﬂ
SOURCE " FOX

HVNW

Psub

(b)

B 2.4(a),(b) ~ %] field-gap f- active-gap LDMOOS =7

7o .



| et ot i i g |
| ! | | | |
| 1 | | | 1
| ! _|_4 | | |
] Mpi | | Mp2 | | I
Input | | | {Internal | | I | Output|| Defeiﬂm sty
PAD | | I'| Circuit | ! PAD |! Circuit |
| Mn1 | | Mn2 | ) | S I
| | 'l_l | | |
| l | | | |
| Lo | ! |
N i = L] I'- o e -”I il oo e s e i | ]
Input ESD VSS Self-Protected VDD-to-VSS ESD
Protection Circuit Output Buffer Clamp Circuit
Bl 2.5 & - BL A9 EDS #E T E
Drain Gate Source Substrate
(Collector) {Emitter) {Base) -
A Thermal failure
Vt2, It2
Second breakdown
N& S\ N¢ - B voltage and current
- Self-biased bipolar
\\ / ID operation region
]
Bipolar trigger
Vhold voltage
Ve=0 Vi1, It1
e
VDS
(a) (b)

B 2.6 (a) B+ NMOS 25 Bl , © %47 %4 53INPNBIT. B 2.6
(b) 5% 24 cANPNBJT T /B-7 in %t B
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P-substrate

B 2.7 5 %4750 NMOS it iLFl(a) %

Pad
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o

l‘. ﬂ.-..
(i)
Bl 2.8 B o7 P BF 4 395 crfads(turn-on) IR % . iS4t B 7 EMMI

( Emission Microscope Inspection ) % TLP ( Transmission Line Pulse )
+ F ] 21 (a) The measurement setup. (b) The corresponding I-V curve of

a gate-ground NMOS. (c)- (f) The hot spots in the gate-grounded NMOS
before it enters into snapback resign. (g)-(k) The hot spots in the
gate-grounded NMOS after it enters into snapback.
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. Gound
=V

B 2.9 HBM # 7 <% /&7 & B

under test

HV pulse U Device

gEﬂEfﬂtD[
Cupn=100pF

B 2.10 MIL-STD-883C method 3015.7 HBM &% »x 7 -,
7 £ B A Rmm= 0Q.

20
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36.8%

F—

—\—__\__—H

=

—epe |

il

HIGH VOLTAGE

sUPPLY

Y4

Rl

—— AW,

100 Nanoscconds per division

B 2.11 HBM 3] > 0Q f $4p¥2 % T k)

~ 200 Picofarads

DEVICE UNDER
TEST

B 2.12 % B 7 03] & »x B> 1 £ p3E % EIAJ-IC-121 method 20

s

2T B
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CURRENT IN AHPEEES

2.0

G0

4.0

2.0

0.0

-2.0

=40

5.0

ls—Ipl
\

L tpm

AN

t3

12

\

i,

NS

IpR \J

/
e

0.0 0.0 40.0 .0

B8d.0

100.0

TIME I HAMODESECONDS

1204

140.0 16Q.0

2,13 MM #7), £ 00 f §4FF 2 % 7,

Bipolar
high voitage
supply

Dut

On

‘

[

S2

50 Q

Supply for
relay S2

£) s00

Rn=1Q
Ground plane

Oscilloscope




15 CDM
1ky
10 4pF

lcdm [A] .

10
time [ns]

Bl 2.15 CDM 2323 35,

Re=50-100MQ  R:=3300Q

/7 /A oDischarge Ti
2
Discharge
Switch
— DCHV ke
— Supply —— Cs=150 pF
Discharge
Return
Connection

B 2.16 ESD # # B1 % B
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A e

.

|1y

- BREBRAETE (HVIC)

=+ 3} s MT'} #\}/\"? mg r‘r’:%[\"
UP,HTOLT 4= SLESD %[z ,

*#

A - 1 8 % SOP 4%

B R AT s

j\'”"? Eé}hl—r’}{' mrg @ﬁi

#-2 3% ESD/HBM , ESD/MM , LATCH

x—ﬁ'—u]wbéd %’ﬁiﬁ—m-@ Fo

& [27] & AR

srenfe ¥ 4ol 3.1a. v 2.4 0.6 figk BCD ( bipolar, CMOS , DMOS )
SR G . A &g * 25 LVNMOS,HVNMOS % T RE B *
¢ LDNMOS . ¢ LDNMOS & &% 42V/1000mA ™ } 1§ i e
& 408 C3F| 85 B Cex ivikE |, ﬁ%]“'z— o A A HS% I T
7 7~ &3 HVNMOS,LVNMOS fv LDNMOS & jf k% t2 & A%
i pren ESD R | 4 & e 2447 4o B 3.1b =% [28]
32 RHA mRFENG

TRHRELL AR T ARBRDOERE LR

321 #®*%% (ESD) il

ESDtest g tfr TA & RXF LT EFFE > X220, & R 4,
Bt * i d doeh HBM, MM & 800 o @ 8 & 54 R4

25



riack 3.1.

# 3.1HBM,MM #:'i¥meh @ & & 53 e
Test Method
Pass
Test Items| Reference | Test Conditions | Sampling | Measure
Criteria
Standard
HBM |MIL-STD-88 |R=1.5KQ, 3eax 6 Voltage Pass
3F-3015.7 |C=100pF conditions |shift< +2000V
Zap£500V to+ 30% at Class2
8KV, Step 500V 1uA leak
MM  |EIA/JESD22-|R=0Q, C=200pF | 3eax 6 Voltage Pass
Al15 Zap £50V to conditions |shift< +200V
+800V, Step 25V 30% at ClassM2
1uA leak
Notes:
1. Test Equipment: Thermo Keytek Zapmaster C
2. Lab. Environment: Test temp.: 25+5 °C, Test Humidity: 55+5 %RH
3.3.2 &4 R3# (Latch—up test)
Latchup BlFA* k2 A2 54 FF X g inFEn g WRB T
IR, FARARE 2 T R BRI A S e

% 3.2 %757

26




% 3.2 Latchup Bli#eha & v

$% A5

Test Method
Pass
Test Items| Reference Test Conditions | Sampling [Measure
Criteria
Standard

Latch-up [JEIA/JESD78 [IT:50~200mA(%), | 3eax3 | <1.4x| Passt
March 1997  |step:50mA(%£) conditions| I nominal | 200mA

current Class3

Notes: 1. Test Equipment: Thermo Keytek Zapmaster MK-2-1

2. Lab. Environment: Test temp.: 25+5 “C, Test Humidity: 55+5 %RH

333 %8 4% T2 &R (High- Temperature Operating Life Test ) [29]

HTOL test 5 Arsefi T it bl @ * BET ¢4 24 455, THRY

% ¢, HTOL test & B4 @] Fig. 3.2. Plsd P & fo 57 o 4f Sodr £

33.

% 33 HTOL i3k e sk fo 54 b 454

Test Method
Pass
Test Items|Reference| Test Conditions | Sampling |Measure
Criteria
Standard
HTOL [JESD22- |Yoltage: Vin (43V).| 4spAsx 1| <1.1x| Pass: 0
A108 Current:1000mA, condition | I nominal | sample
Temp.=115"
=P < current | failed;
Aging:1000 hours

LTPD5%

27




Notes:

1. Test Equipment: TERCHY CK290-2 High Temperature Oven.

2. Lab. Environment: Temperature: 25+5 “C, Humidity: 55+15 %RH

3. Test Procedure:

3.1 Check DUT card’s mapping whether matching Burn-In Circuit

Circuit was shown as 3.2. (DUTC: Device under Test card)

3.2 Check out IC sample’s quantities and mark with number.

3.3 Put DUTCs into oven till up to test condition, and then start test.

3.4 Monitor current status every day

3.5 Take out the samples for the function test at 168,500,1000hrs

334 ik mdF 32 P (System Level ESD test)

SLESD # * &kfarsd 4

|

SL ESD test i#]3& Bh4e ] 3.3 iz [F] Bl #7577 .

TR AL E KK A

MRS ASLE TSR

, AR R R ALY

% 3.4 SLESD p M ifl3& Tk fr %4 b 45 &

GE T iR A 4 s

PP i 34

Test Method
Pass
Test Items| Reference | Test Conditions | Sampling | Measure
Criteria
Standard
System R=330Q, Voltage
Level IEC C=150pF, Zap 3eax?2 shift< Pass
ESD Test | 61000-4-2 | £500V to + 8KV, | conditions | 30% at | £4000V
Step 500V lum leak | Class2
Notes:

1. Test Equipment: Thermo Keytek MINIZAP MZ-15/EC ESD

28




SIMULATOR.
2. Lab. Environment: Test temperature: 23+3 ‘C, Test Humidity: 55+3 %RH

3. Test Procedure: Discharge to each point for 10 times from +500V up to +

8KV. Discharge interval is 1 second.

3.3 it s ko B chiT B
T REARER T LS TR REDTHRET RS A FNEF

ESD /HBM 4r Latchup = 7 il itz . 2 v =38 ESD/MM 7]

LVNMOS , HVDNMOS # »z , HTOLT %% % £ PCB ‘&' %

SLESD %] LED #t#jx £ »cit 213 & 46 . 4p M en% LI g frdi B infs

AR HAed 3.5

% 35 HHEEFfoE T h

N Pass (P) . Root Cause per .

Reliability Items Fail (F) Fail (F) Status Failure Analysis Actions
ESD Human Body
Mode Test MIL-STD- | P NA NA NA
883C Method 3015.7

F1: LVNMOS (EN
ESD Machine Mode Pin) Failed at 175V | LVNMOS: Drain LVNMpS
Test EIAJ-IC-121 FI/F2 to Ground. short to ground ; Analysis;
Method 20 F2: HYNDMOS HVNDMOS: Drain | HVYNDMOS

(LX Pins) failed at | short to ground Analysis

100V to Vss
Latch Up Test
JEIA/LESD78 P NA NA NA
HOLT: 43V, 115C, F3: 31C Burned Capacitor wear out | Operating Temp.
45EAs, 1000Hrs F3 out at 668Hrs induced Burn In and Filter Cap.
JESD22-A108 HTOLT Board Burn Out Analysis

Electrostatic
s . Analysis Filter

System Level ESD Test Fi' Failed at Couple Discharge Cap. and Gap of
ESD 61000-4-2 F4 >=4KYV by Zapped | due to short LED Anode to

at LED heat sink distance btw. LED

LED substrate
Anode to substrate




EN :ql 8 |1 Isense
ADI [ 2 7 ] VIN

LX [ 3 6 ] GND
Lx []4 5 |1 GND

W 3.ladf%er® g BFEMTEA- B 8 % SOP HEihid &

V55 VS5 V55 V55 Isense
HYNMOS

B 3.1b ¢ 3 HVNMOS , LVNMOS fr LDNMOS i & &= i 44k

30



. Vin 43V

m RS 0.1 ohm Rs dummy
1 [ P _,"\\//\{__

e w

T C1 0.1uF :: LED

=~ 100uF A
il . o
- H
D1

1.2v —| ADJ GND EN

H9370

2 H

f Fig. 3.2 HVIC H9730 HTOL test 7 &Rl .

[ Fig. 3.3 SL ESD test Bl Bh4v iz B #71& 7
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e R s AR
*E HMERBT LA%ENE% | 4% ESD/MM,HTOL 4- SLESD
A HRRIFIEFTIREN A 1T, PIF R T, TR %%
e RS AR R T, IR PF R

L]

i

TR e S
4.1 ESD MM EN Pin 7 2 enk 4782 i

4.1.1 ¥ #

Rig
s

< ESD MM test 2. & , BB B S 175V # 3T FFF L >0 |
ZREFAFE L ENPin AR inRERLNARCET N LA B TR
shift >30%) . %t ENPin (3 ¢ ¥ 1 R 4cBl 4. 1 77
412 #BAs$5

(a) & * ARP¥ IC st i menig il |, T2 F M Pt
LI K.

(b) B-— B 241 IC, %l iea B L 30 - A28 (7 [V o & s
17, B %A4cB 42 P17 L VR A S A s iR Rk | 4
et 0.8 fk#?rﬂi‘fr&’ﬁ PRCRT RS L ERARERET
B =

(c) % T FERA LRFE =% , 2 2 IC #7457 F ( de-capsulated)

fo4c®l 43 o L 55 500 BenBE AP AR AT LG TR R IE

32



R AR TS T

(d) # 7P L e, LT E PS4 » OBIRCH
(optical beam induce resistance change ) 4 %t , &yp=< § HTIE ¢
FlX Foan iR HmFH B EMmE . & Vin0.1V 3 R fi Bhde
B 4.4 17 .

(€) & 1 FERA sxenfr LG | A skend P AR FER 2 f (layer
by layer removing ) §= PVC ( passive voltage contract ) 4 17 4%
B, e @A IE & dp 4B 4.5 (a) ~(d) #777 . & metal 1,
metal 2 {r poly line & & =t 3% 5 HFR X higdy , § @ *
PVC ' 2 &8 & 3 S-FF |, IR & poly ~contact 7 £ %
% 4o B 4.5(c)(d) T, BT B iR S2 "f poly contact z_fs ,
SEM srfgah ¥ 2% X4 A A {eplF 4o B 4.6 77 .

(f) %% B 4.7 #r% & LVNMOS 2% B, TEB, T A
5 3p i h LVNMOS fx#+ 7 323, ¢ = ¢ &4 9 LVNMOS 4 ESD
MM 175v #% NP - &8 23 k3 ##w [30,31]

4.1.3 & UL %E

J-)_.F

P ~ it B4 5]4-GGNMOS, SST-GGNMOS (Self- Substrate-
triggered GGNMOS) 3z + = “"3" WE IR A , BRI A
%] E |, AR * &) 0 channel width(CW) 30 ¢ mfie & channel

length (CL), LDD(Low Doped Drain) #] 4zi& {735 . =~ it 3 & chfdc
33



MAFSAcE 4.1, R &RFEM RG] AT Group 1 v Group2 #7if.

Group 1: with LDD and CL (um) = 0.55, 0.60, 0.65, 0.70 and 0.75.
Group 2: w/o LDD and CL (um) distributes same as Group 1.

AR R P

Channel | Channel MM ESD Test
LDD Layout pattern
'Width length criteria, results

1X107M3 Smart current|Pass = > 200V, Failed|
30um 0.6um

Dose/ cm2  [flow 175V

4.1.4 1 2% { %%
SHEHESD MM 8 | oL PIFAEIRAAGE L 4B 4.8 Tt , &

Sxkax CL ahni& |, ¥ g seehifg B ~ 29 ESD kK< 4 . & LDD

s

Wiz g ik~ it ESD K®a 4 . % CL=0.6pm p¥¢ { seenp i |

TR AR & 100V +HF

4.2 LX Pin * 2 p FlA 4782

421 ¥R Fn

% ESDMM 5i#f @ Bimt 75V 4§ 6 pr 4 ox , 2 2c 075
LXPin $l¥ , @2 K2 # T 078, FRLBEHALDRLH 30%, LX Pin
| e T B B A4o B 4.9 1w

422 A3

(a) @ % AP EROIC R ITEmagAL |, ¥2F FRE PR
34



A LI R .

(b) B— B 24 enIC, "R iz B4 stk - A28 7 -V & s

¥, B %o 410 L RSB A s LapR R | 4

s N

defete 07,079 RIEFFLF AR T E S L SR R

34

W

(c) % T FERA LRFIE =% , 7 2 IC #:i& {747 % ( de-capsulated)

S4c® 411 #0735 500 B NBHAL P AR A TG E e LA
R AR TS T

(d) &7 33 % reenfp 7, pat 47 F (8 entk 4§ ~ OBIRCH
(optical beam induce resistance change ) & st , &y =< i HTIE ¢
FlX Foh e RiemFH e BMRE . & Vin0.1V % 3 LDNMOS
e[ Bh4o B 4,12 #17 .

(€) * 1 ALFRA PP ILEAE | A sy PALETE A 2 (layer
by layer removing ) ¢4 #5425, iE BB ATALIE & dp Fho @) 4.13,
14 %775 . & metal 1 fo metal 2 % K =t 382 3 % < I g i
B 4.13(a) fr(b) #7177, H#TB k&3 ",f metal 2 & 2 15 , &
SEM sfgah ¥ % X 4F A AR {erlF 4o B 4.14 (a)~(d)#7r .

() %% B 4.15 #7717 LVNMOS 2|5 B, BBl ¥ O3
7 ¥ 8 HVLDMOS £x# % 23 | 3 2 ¢ 4 5 HVLDMOS 4%

ESDMM 75V # 7%, NP - {&Hi % 3 R
35
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423 7 %AE]

B 2.3 2 B 24 #7754 % 5 symmetric / asymmetric field gap
DEMOS transistor, active gap DEMOS transistor . 7 383 #% ¢ x4
LDNMOS hgcli | fo i P t5 R cnid e 4 sl fe |~ Sd-ik 4k
R e fligded 42 AR W, R o power switch
LDNMOS = & ¢ 7 faked # 50% =+ , #7040 it &7 4o+ o ff ehif
ET AP E AL LDD g, 3 eFHRET 4T
G(1) : W/LDD and CL(um) : ¢ 0.45,0.5,0.55,0.60 % 0.65um .
G(2):CL %t G(1) ¥ 42 ",f LDD @4 .

%42 hp et i & g

Channel |Channel MM ESD Test
LDD Layout pattern
Width length criteria ,results
Smart current
1x10"13 D./ Pass => 200V, Fail at
100um 0.45um flow, 220 x LD
cm?2 75V
INMOS

424 FEi { hd ok

B 416 5% %%mni% , M E CL 2 065um/ & LDD p*
ESD MM vk 4 3% B T 325v. pF %Fe:n ESDMM ek X 4 &2
CL % . 4% LDD flfzf ot @ k% 4 chfe B, 23 & CL
L3 05um PR s &F , AR E A 100v 1t
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¥

—g::“' R ”;;('g;" 73;\% 3

T , 2% 5 A s s £t 200v esd mm

“1‘3\“\

& fo . 2 §_ power switch § & & M0 Rdon 7 [ & & ] adtfh
LR . % 43 Z Rdon hE Pl4ES , § CL 45 pF Rdon » P&}

=l

. E &% % Rdon <0.525 =L , 5% & ESDMM k%4 2 Rd

on et @drd 44, k% 44 gl kS RV S s EVIE I

# 43 %5 Rdon g B4 &

Channel [Channel [Channel [Channel Channel
Group Length  |[Length  |[Length  [Length Length
0.45um  [0.50um  [0.55um [0.60um 0.65um
1: with LDD
0.45 0.50 055 065 0.75
Rd on Q
2: w/O LDD
0.6 0.7 0.75 0.85 1.05
Rd on Q
# 44 ESD MM &K% 4 &7 Rdon =t iz
Channel [|Channel [Channel Channel |Channel
Group Length  |Length  |Length Length  [Length
0.45um  [0.50um [0.55um 0.60um  [0.65um
1: with LDD
0.45/50 | 0.50/100 | 0.55/175 | 0.65/250 | 0.75/325
Rd on Q/Volt
2: w/O LDD
0.6/175 | 0.7/200 | 0.75/250 | 0.85/275 | 1.05/375
Rd on Q/Volt
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# 3t LDNMOS sgxfai= % , & i@ ‘%’Kﬁgﬁ ESD & » e Bl | 7
MR AR R RO AR 417 (@) ~() #rF 3 A A M
(a) 2 wires x 2 lead (b) 2 wires short to 2 leads (c) 1 lead x 4 wires . 5§53
FER type (c) lead x 4 wires efT g7 11 & 1§ 275 vESD MM vk
$4 | TR IE SR 45

% 453 8755 £ RAHESD MM &K £

(a) 2 Leads x 2 |(b) 2 wires short to|(c) 1 lead x 4
Package type
wires 2 Leads wires
ESD MM Test
50 100 275
Results (V)

4.3 HTOL test #&3f:x 2
431 ¥ B

HTLO test A% £ 45 Btk &, Vin=43V, } i\‘ & o = 1000 mA
Fo 115 Cena Tk BIE R B (7:85% . BIERE A device under test card
(DUCT) %7+ 4Bl 4.18 (a),(b) *77+ , & ¥ iki® 5 LTPD 5% /1000 Hrs
e MTTF 10 #. & % T g iLESRavk i . 4 3% 3 144 hrs pF , &
7 3 5 DUTCs #&'g4cB 4.19 #77 , T B PP ek |
432 ZHA 5

(a) Atk S (Isense Rk % % 2 HVIC HI370 AL &4 B

4.19 (a),(b) *77 .
38



(b) &gt~ ) 4 2 H_ Isense A T 7 is 2 4 epe

L RoUnF Ay, EIR Isense & jEFAEOW AR T SRt L TR
H9370 % ¢ & ¥ ch@ M |, B i Flg 2 KX s L@ = g4 @ &
sz

() » 1 B BERNIAFESTF], - BikFEHER 85,95 105 ¢
15Cr et T e Vind3v @ S 7, v gk 40k 4.6
75, DUTCs it % 95°C/ 616 Hrs , 105°C/ 368 Hrs = 115°C

/144 Hrs #8% . 73 85C/1480 Hrs &l it i #. 5 Flsdsk

Rk

i

9

S, TG REEESEA T up RS L IC ik ok

% 4.6 F%E R 85,95 105 v 115Ced %% %

Operating Temp. C 85 95 105 115
Stress Voltage (V) 43 43 43 43
Burn Out Time (hrs) 1480 616 368 144

11C 2 DUTCs |2 DUTCs |3 DUTCs
Failure Status

[burned Burned Burned Burned
Filter Capacitor In

IN IN IN IN

Oven, or Out of

433 g X aidsk%&E
85°C/43v/1480 Hrs enie & | v eideiik F]3 #4 85°C/43V (hA &/ 3
F”ﬁ IV, “ruHEB T REA I 46v, © /fa/ﬁ»ﬁ,ﬁr’fq‘é‘gﬁ?}t J@Lf”-
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# HTOL Pl eni & g &do 4.7 757, &R G(1),G(2) «hf A~
¥, f 85°C/95°C P 4 »x»t HVICH9370, @ # 105°C - 115 °C
PER]E % >3t PCB et . & G(3),G(4) aE A A47 , AR & 95
Crlt Ak TFOBRE , a2 DUTC 7 3 @iy | @
G(3) F15 Vin §&3 , “T00F 2 R B3 G(4) & L.

% PRARE B 420 #r7r , CAP-OUT-46V-85°C = GAP-IN-46-85°C i
EHEVRFOFEHRE ) FEUIPET R x;rt M Fr T T 3

[32,33].

% 4.7 % HTOL ipl3& i % 45 47

Operating
85 95 105 115 |Remark
Temp. C
G(1)Burn Out Vin =46V, Filter Cap.
1440 1068 828 448
Time (hrs) out of Oven
G(2)Burn Out Vin =43.0V, Filter Cap.
1500 1110 844 500
Time (hrs) out of Oven
IC IC DUCTs [DUCTs |DUCTSs Burned: means

Failure Status
[purned [burned [Burned [Burned [not only IC burnt

G(3)Burn Out Vin =46.0V, Filter Cap.
1368 512 388 128

Time (hrs) in Oven

G(4)Burn Out Vin =43.0V, Filter Cap.
1480 616 368 144

Time (hrs) in Oven

IC DUCTs [DUCTs |IDUCTs [DUCTSs Burned: means

Failure Status

Iburned Burned [Burned |Burned [not only IC burnt
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4.4 %47 SLESD 2% % »cfricd
441 ¥ FFR

3% SLESD #%k %% , = e &% - Iy ,Ej?éﬂuw HE P
+-8KV & f | e § % T PERELL 0t MKV gupliE , 5B % TR
BLh LED e B+, BT BArplEg4c B 4.21.
442 FHA 5

(a) SLESD #5542 ¢ , % LED #g# # 48 +4kv 0 ESD frdf pF |

, e pFs B3 IC

)

LED e R iZ X B8 | T IHag s %)
MRng ek | I ICHFRT S FE | 50 RET ARk
i, ¢ SLESD f#r#f = Tk is it | M E i 43 B
422, BipR NS A4S 48,

% 4.8 SLESD 325842 ° enE 17 i

I-LED (ma) |I-LED (ma)
[-LED (ma)
Sample No. After + 4KV |After - 4KV | Failed Status
before Zapped
Zapped Zapped
IC was hot;
1 685 586 550
LED lost lighting
IC was hot, LED
2 678 615 428
getting dark
IC was cracked,
3 679 350 150
LED got dark

41



FL BT E R AT, U T -

(b) B~ 2 3§ 4 »c IC £ 1 3 2 5i&
TR(IVF4cF 423 7 , B 77

V=2.7V E%)Ik,:",mﬂ? TR T oI
T B

T ESDAE 2 7 IC enifii 7 8

() » 1 HIxe , 2 "f U2 A 200 B EEACET W IR O EI

A, iz iE =¥ 2 & HVNMOS Drain to Source 4] 4.24 #7775 . %

1 02 G 7 R BAo B 425 9T

(d) % 7 Frzt HVNMOS &7 ESD k% 4, TLP test ( transient

line pulse )+ #3771 , ¥ chis % 4o 4.26 &+ HVNMOS ¥

ok 2.11Ax 70V s & & 100ns P o, iz A 4 4P 3%

3165V/ESD HBM. = i £ 1 % 4§ EIJA/JESD22 - All4-A.

class 2 =2000v & &,
(€) T KA R & IC i # A , 712 A P F1L board

level ez #4722 2 f324 B 4 »c P48 . % "5 ( ferrite

core ), }'4Tw # (decouple capacitor) fr-#r/& =4+ (transient
voltage suppressor ) %4 %|% & % Isense Pin. 4o 4.27 #77. i¢
B N ERH SR AoE 49, Group0 X7 4rixie
ESD ¢F3R g ~ = [ HVIC H9370 ek 4 23 1lkv, 4vt iJ' 4%

iF 4kv. BE L 3 BiREAEL 7 E

e
“.1

% BT

Yk

=h
o

<

T

;-N
PalES
'

P
$m
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R R R B

E

AR D gk i 4, Il

¥R P ERBETHRE , UVingE L 0.22uf /4kv, 0.47uf 2k,

1.0uf /1kv = 0.047uf/2kv, #Trie B % { £4 »ceh . 5 H A€

7 iE B G ? kPR littelfuse 2009 £ 5745~ “ selecting an

appropriate ESD device issue “ 7

£
=L

it L F R R Ed 0luf £ 8

lufp , # 3 % e (dynamic resistance ) #-d 1 #% 3 3 3

Q. % #+F TR 4V pF  HVIC B £ hT B#d Rt h 15V &

B3 60V (60v=15v+15ax 3Q), #F1i4c7 x chE R F @ s &

HVIC g 2 . SLESD ehir# 7 i B4R 454 4.10 =57 .

F 49 3 LR, AR F AR S RS %

Decouple- Transient
Sample Ferrite- Capacitor N Failed Status
No. Bead 45V Suppressor
0.1uF S0V
45V
0 IC was hot with bad smell,
LED lost lighting at +1KV
1 Y. IC was hot with bad smell,
es LED lost lighting at +2KV
) Yes IC was hot with bad smell,
LED lost lighting at +4KV
3 Yes IC was hot with bad smell,
LED lost lighting at +2KV
IC was hot with bad smell,
4 Yes Yes Yes LED lost lighting at +4KV
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# 4.10 SLESD enfirdf 3 /v % (8

Peak Current Current
LIEI.-E;I U?L?;‘:]E Current @ 30ns @ 60ns
+10% (A) (A) (A)
1 2 1.5 4 2
2 4 15 8 4
3 6 22.5 12 6
4 8 30 16 8
(f) +“ #& point4 ¥ point5 Rl R % ,point4 ¥ 1K= ESD8kV

(30A peak current ), &  f-fe — B& S e point 5 Fr 2 i iE 4kv
(15A) er#sid | (5 R v B 4 2030 & 48 rilf e (5 4 3 &
HVIC % »z ,( 32:SLESD #:2 § % 10 == , 5 X FIg 5 1

5 ). BfE4 s @ & “small pad zapping model “ IR %, F
BFFLT T A LED cug g+, it 2§ o 2 7
X, B¥va; EJET*:LH R i £ - = P LED i R
1 (pointd). T AT R B HACE 60A 4o 428 #r [34],
BAE A R A FFIFE Y 100ns . Ft i 28 HVNMOS Drain

to Source I,

443 #FRAD]
4o 4.1.3 (a) #Tamit , SR Pr /}i Fg b 5 /é‘qﬁ P FiE B < B2

Bt .  APRFLIFRRDZE - BE m?ﬁﬁifj*u{ LED H

44



&7 LED 4c8 8 4r chF jE 8 B Bg ¥ cn¥) 3 . )4 { # P e F ch LED
FURSHEOE TR, NIRRT A RFERED RT RO
W EMRF AL 411, £ SBlew . B FIEST L RHACR

429 #r7, TRBETR , RIVKERECR 4.30 AT

404113 b BEE I HCR B AR B S

Space between LED Anode
I sense Pin Filtered Capacitor (uF)
soldering point and heat sink.
G(1) 2mm 0 0.047 0.1 0.47 1
G(2) 3mm 0 0.047 0.1 0.47 |
G(2) 4mm 0 0.047 0.1 0.47 |
G(2) 5mm 0 0.047 0.1 0.47 1
G(2) 6mm 0 0.047 0.1 0.47 1

444 1% { GwER

p R (s, ipk At B W Ac B 4.31, SLESD (k% 4 SR F B
A m RS RTF AR 01pF MR £ BEEH
SLESD sivicst 4 { 4B ¥ , § MiE Z6mm je3 £ L3 § 4 i 4k

75‘?5/’%2%& . % FEZ4mm jﬁﬂﬁi 0.1uF fﬁ?féﬁg?ﬁgf" BAa

#

gl A& R SLESD 8kV e## § X% 4
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B P &%

Vi
o ap

BN L
oer]  ADI [
wr | LY [

T | Tw | mC

B 4.1 ENPin =% % &% 7 & B

] laense
VN

{
!
§OGND —
JOGND -<F

e S ——

H9370 En Pin-GNDpin I-V Curve

I(A)

—Fail#1
—Fail#2
Good

Volt(V)

Bl 42 245 0IC, Sk A reihfk - A28 7 [V & a7 8%
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=4

F
l!llzl L] II"'-:. IIIIEI .. I!

|
E ! EN PIN

@R | nvios

GND Line

Ground Pin

Bl 43 % 2 IC #4:& {747 F ( de-capsulated) {s.

LVNMOS

fobeg|on

B 4.4 & LV NMOS ESD protector 0.1V % 3z fi 2k
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(a)M2noe =

(c, d) abnormal PVC spots
found at Poly contact

rmim W o BEME fT Pl
Bl4.5 (@) ~(d) £ rxenfy PAREFER D “ﬁ% 4= PVC ( passive voltage contract )

14 47, 3 % poly ~contact 7 & ¥ IR % 4B 4.5(c)(d)#7 T

\ u

(a) Damaged g EEEESEEEES N  (b) Damaged
Poly and Spot __—" Spot

ii-tak 3. DRY & B &

i h
T
-~

(c) Damaged Spot

-

LR S i

(d )Damaged i-iole

- by 41 DA H.ofum mi-bek 10 RN @, Tl KSR S ASTID

® 4.6 SEM chigin ® 3 £ 4f hB A forlif 4o Bl 5 7
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I.eedehF ‘l Y Ve /.E\
%T@ a e

B 4.7 #7771 0 LVNMOS 2|5 Bl, %<7 BBl

ESD to LVNMOS-LDD-Channel Length
300 % —— With LDD Pass
S 200 (vol
/ —=— Without LDD
100 | Pass(Volt)

055 06 065 07 0.5

um

B 4.8 ESDMM -, it it pl:# #cdpitdf & oW #7 7
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+ m O 15 e
= — gl TRV
T — Oi (pe _

X O4 igen =
gm&ﬁkmnﬂam%§@§@%*$

—— Fail#1
—— Fail#2
Good

Volt(V)

Bl 4.10 - B 245:0IC, "l & B4 seert D2 F -V & A58 %,
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Pin4-LX Pin3-LX

—
= — —_—

m (T g el
I—]E ;_ = -_.- "‘ s d

BT LT o m——

PINS-GND PIN6-GND

B 4.11 % & IC #:i& 745 ¥ (de-capsulated) s iX 5 % 3f 72 4% 35 7

Bl 4.12 X #m o i@k, & LDNMOS 4e B #7%.
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B 4.14 ¢ S AR Y S TR 2 4F
. SEM g AR ¢ g X 3F A AR forl ik e Bl(a)~(d) 1
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Wk Vs Y8 v

i B |
=\ P
| *._...:L C\D I Fim\-"
HVNW
_l_ P-Sub
Damaged spot in LDMOS Damaged spot at
Equal Circuit LDNIVIOS cross section

B 4.15 LVNMOS 2|5 B], %7 ¥ B HVLDMOS # ESD # 7

ESD LDNMOS LDD Channel

- _a
= 388 s —+—With LDD
BT / —=— Without LDD

0.45 0.5 0.55 0.6 0.65
Channel Length(um)

Bl 4.16 Fsswaid% | 8L CL  065um/ & LDD P ESD

MM vk 4 #8231 325v.
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I N N D. i

(_J_l - .I..'.'..I. T -
/ | ]

(c)

Yol 4.17 () ~(c) #7773 FEHAITROEHA 4

2 lead (b) 2 wires short to 2 leads (c) 1 lead x 4 wires .
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b % (a) 2 wires X



1 m Rs 0.1 ohm Rs dummy
o -
L2
47uH 3
R 0.1uF _1 -
100uF LED A
L1
47uH
D1
4
VIN
H9370 ISENSE LX
1.2V —— AD]J GND EN
2 1.2V

Power Filter Capacitor
.

sennece
. B BB R NN

ot # A AL LTI
.
L]
il E’*?uﬁ@ﬁﬁfﬁ IC H9370 | sense Filter Capacitor

| (b)

Bl 4.18 pliE M4 device under test card (DUCT) % 77 4 Bl(a),(b) #1777
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B 4.19 DUTCs # &g de Bl rr , T B 3§ e i ek,

sennere

1600
1400
1200
1000

Hrs

600
400
200

HOLT Analysis

800 |

—— CapO-46v

—— (CapO-43v

—— Capl-46v
Capl-43v

85 95 105
Degree C

115

B 4.20 4% #7o1 , CAP-OUT-46V-85C fv GAP-IN-46-85C iz = & & 1t

SRS E TN P S R S A R b
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oo Vin 24V

1 Rs 0.1 ohm
.M: 3
L2
47uH
L C 0.1uF — A
T 4.7uF 5
LED !-.---’I
g L1
47uH
D1
]
VIN H9370 ISENSE L X
1.2v — ADI GND EN

2 L

Bl 421 SLESD 2% ch B friplz@ 2 1,2,3,4 &S.

IC was hot and
bad smell, but
no burn out.

. After Zapped ,
Before Zapping ,

the Failed LED
the LED_ System System working
working on on ~lower mA
-ﬁBﬂn*_la z!nd and LED Dark
LED Lighting due to +4KV
Zapped

B 4.22 # B SLESD % ¥ ¥, LED & B if 5 88 = T4k b b (i
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Isense(pin8)"VSS

<
— Good
—— Fail#1: Isense
volt(V)
B 42342 IC & AR FimainA iy Peng g &(1-v)H

T gource
IGND

B 4.24 3 B0 ER R ) B =% ¥ % HVNMOS Drain to Source
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VoukVsb Vs Vg Vd Vbulk, Vsub

' £

PW HVNW PW
P-Sub

) 4.25 4F L 03 & 7 2 )

VERF_PINg-5

Leakage Current [A]
1.0E-11 1.0E-09 1.0E-07 1.0E-05 1.0E-03
5.5

4.5

35

2.5

15 [
0.5

-0.5

Current [A]

-10 10 30 50 70 90 110

Voltage [V]

Bl 4.26 TLP test ( transient line pulse )34 {7 1% % 4odg ;7 HVNMOS

59



y Vin 24V
Q o oo

1 Rs 0.1 ohm/\
L 3
L2
47uH
1 Ci
T 4.7uF
VIN H9370 ISENSE LX
1.2v — ADIJ GND EN

ZJ—‘ 1.2\I/

Bl 427 *Uns, F AR F fodrRafF 304 u]% B & Isense Pin.

0 A

G0

a0

Ty

Line 3

Cumrent (A
Ll
=

1o
Line 1 w_ﬁ_‘\}m

-al 0 50 oo 150 zaon

Time (ns)

Bl 4.28 % f chwe £ - = ek, v A0 i B HRAZE 60A
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4 |

24V ! l |'| I I, |'L|" VIse(100V/d|v)
ov V‘l
L

3 Hr( M"‘ﬁ'%"ﬂ" ", Ilse(O 4A/div) |
:.—.»—'...—.jl— ————— _— — -\\}-n— |
OA 1 0OA

' 20NS/Div '

B 4297 B , & i R B AToT.

B 4.30 ¥ je<o1 & B Space of LED heat sink to Soldered point of LED.
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12
10

Zap KV
O N B~ O

LED_ Sub Gap

—— Gap2mm

—=— (Gap3mm

K Gap4mm
—< GapSmm
—*%— Gapbmm

0 0.047 0.1 0.47 1

Filter Cap uF

A-

Bl 431 SLESD ek 4 52 2 iB4e 4 m $4 , wf 3 @4 0.1uF

H%Eﬁﬁ%%%i?
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KU AR B, EHREL T D e § o AR B

3
|
|
T )

% A
4
=
PAVE
\k
T,

N

e
il

-

v
ﬂl
“

e

Ty
N
=H
A\
A
=H
y%
W
('
W
<l
Rd

T
13\7.
5
AR
)}W

5.1 - Bhod i oE RAMTE

AER T BT B R RS AR ST
LVNMOS 84 : xR E & 4.1 «¢p% % ,LVNMOS X3 & Rdon kg
STILER 1 0.7 MoK i iE A 2 LDD @lAapaa it

HVNMOS 284 : % & 42 ch&% | o 3+ % & Rdon k' 41
FeriviE™ 055 oA i £ R~ 2 fet package type (¢) @ KT U
i# ESD &K=+ @y a 275V 11+

HTOLT %4 : %P § & 43 % , G(1)/85°C, G(1)/95C = G (3)
/85°CF 14 5 & 1000 VHTOL test, i £_G (1) /95°C &3 i pE#ic ¥ +
1068 Hrs 35 1000 Hrs 7 , % 1 [ PRif % = chig * AP g * G(3)/
85°Cit— o , 5 v ~L3Fd Xk oven B

SLESD test #% & : PR3 & 4.4 % | & * FF§E (LED anode
soldering point to led heat sink ) = 4mm, *¢44c 0.1 uF gk 7 7 a7

, TG ARG A~ g TR L @ HVIC 7 ks =

N
(=
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8kv ¢ SLESD Bl:#.

H v anp|zEsg p

IR BRI

52 ¥ A KV

Boit iR BT

HTOL test 4= SLESD 2 & , I BT e s i3 10 |  Laknis

FEiult TR

k257 EN Pin 9 ESD MM & %

: ESD/HBM 4= Latchup, i< %

, &Z &% 5 ESD MM, ESD HBM, Latch up,

R ?ﬁb@

4ok 5.1.

Yo ok %

24 % 275V, LXPin 7 ESD MM -

# 325V, & SLESD i %% gr:2 887 KX +8kv #7%7
112 g% 85 °C /46V HTOL test ¥ 14 FEiais B 4% 48 T 820 MTTF i
322 # ®ix3 PCB, § % ‘Beh%i
25 1 BBy RAWMTRARES S
s Pass (P) New test method / .
Reliability Items Fail (F) Pass (P) Status New Structure Pass requirements
ESD Human Body
Mode Test MIL-STD- | P Pass: => +- 2000V NA Pass: => +- 2000V
883C Method 3015.7
LVNMOS: Channel
. ITVNMOS (En Length = 0.7um
ESD Machine Mode Pins) passed at without LDD :
Test EIAJ-IC-121 FtoP 275V , HYNDMOS HVNDMOS: :‘ wires Pass: => +- 200V
Method 20 (LX Pins) passed at bonded in 1 .Lead
325V frame SOP package
Latch Up Test L L
JEIA/LESDTS | Pass: =>+- 200MA | NA Pass: =>+- 200MA
HOLT2: 45.5V, 90°C, Passed: 45.5V, 85 . ° MTTF => 10 yrs
T6333 45Eas, Fto P C, 1000Hrs and :/rll(:iﬂ;;l(i.e:%iv;fifog when operating
1000Hrs JESD22- 45Eas HTOLT in Oven P Temperature = <
A108 MTTF:322 Yrs 85°C
Pass +- >=8 KV by | Space of LED Anode Pass: contact mode
System Level ESD F to P Zapped at LED soldering point to >=+-8KV LED

Test ESD 61000-4-2

heat sink and others
4 Points

LED Heat sink >=4
mm

substrate
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Sl

5 = ﬁ Pk & foF i o 17
6.1 FHFrk %
AR it Y JESD i A AR T WAR L , TREM
7 LDNMOS #4351 % if & gt i3, ¥ 243 HTOL test e & 12 %
SRR RT AR, Bt AN 4 R
(1) %45k W LVNMOS (5d #imengci A7, 3 Mg o v &
*dpenni> [35-37], HRARSARY L E A A 30um/ L
%R 0.75um/ 2= LDD process - it 7 1% B & £ | FH* il
FRA 30um i E - 0k Pt

(2) % 434 & 0 HVNMOS shchi =8, 2

[£35 = s sy NI

=i

AT T BT HRSFLDRE  F R H* CLO.6S um/
L LDD process =~ i, ESD &K% 4 i 375VMM, %]i Rdon

WL R oA YR O 3N 200mA Rt S EA| N aneg
# LDNMOS 7 ESD ## ™ ¥ 11353 dvk X § HFanesg |, 4ot
F ke iEgn ESD MM AKX 4 43 B 5] 375v . [38]

(3) HTOLtest: S % P &£ |, el Amd 1 g BFW
HTOL pl3# @ 3 A el 38, g i imenfl 50, &% M%E
BRI 8CHA R FaHpIFHRDET o R .

(4) % SLESD % ® , FaEid’ i~ .J:”ﬁ il TR CIC T TUE TR SR N N



9
b
=3
Eﬂ
3
L
/\‘
st
hEy
-
‘?‘“

LT B g RYE 63 2 HVIC
grdeg | &d LED # 4% & LED anode FFFE#T3 |, F2il’ f§

WA T A E 2 L @ FEE 4mm fede 0.1 uF piik

TF et 7B SLESD ik 4 F|+-8kv 14 b

O
<
<
%
W

(1) #4758 § P4 ES LTS S TR

P R AL . HREETIE  BS, RHHBATELT BROFE
ﬁ:;r\: ) —‘—'—»TTF t%;ﬁjiﬁg :

OFBTRNZ A GRE , MLNIE2 R ] TRD A

>

B ARER T RRE- FS A Rk e LA
AHERFT L5 TR

(3) *#% < ciEskEe45 7] SLESD B 41¢h> 2 | w8 % , PCB,

pe 1 D

=k k¥t ESD KX 4 hk 1 72 }i Z’}L\IF Feidsdh o FH g”ﬁ S

chip level , board level % system level e7h i & Je 5 i i ~ e

F’AJ‘ i
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