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A DESIGN OF BI-DIRECTIONAL DC-DC CONVERTER USED FOR

A SWITCHED RELUCTANCE MACHINE IN DC GRID
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ABSTRACT

This paper presents design of a bi-directional dc-dc converter which can control
the direction of power flow. The direction of power flow is controlled by switch Q, and
Q,. If Qq is turn on then a bi-directional converter operates in buck mode, but if Q, is
turn on it operate in boost mode. The output voltage is controlled by adjusting the duty
cycle using pulse width modulation technique. PSIM program is used to simulate the
operation in each conditions for demonstration a principle and the operation in this

project.
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0.6 2.50
0.7 3.33
0.8 5
0.9 10
1.0 Infinity
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2.3 inaita PWM (Pulse Width Modulation)
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sx(s) — Ax(s) = (s] — A)x(s) = x(0) + Bu(s) (2.65)
eushlWidswurindiananuol 7 luaunshi 2.65 naaanau (s7 — A)x(s) uaadia
ﬁgnﬁaa 8199LHRDL I (5 — A)x(s) Lol (s — A) fu"lajgﬂﬁmmwsw: s 1lusnansuaz A
\Wwan3nd nxn) vnsud luaunisi 2.65 §m5u x(s) TR NIRNEUNWAL (57 — 4) T
TWIAINN sTuvl@Tﬁ@iaLﬁamﬁmas‘ﬁmuﬁmaqmﬂ‘%nﬂmfluguﬁ fufie det(s — 4) 1
wumwé'}ﬁuﬁ n Eaelu s o
det(s] — A)=s" +a, s"" +...+ a, = a(s) (2.66)
ﬁﬂ%%ﬂ@i’lﬁllﬂi:ﬁﬂ%aiﬁﬁ]’]im’lil’mum%ﬂfﬁA %awgmu a(s) 9NTINIY WU
qmﬁnwmx(characterisﬁc polynomial) YBILUNING A KI8VBITZUY UAZIINVD s
[30AT1 IINQUANMIAE (characteristic roots) W3e ANANWIAZIAWIE (eigenvalues) 289
WNING A LWI1z3AITInAnI e d iU UL an F9nni3eni mmﬁqmﬁnumz
(characteristic frequency), n3g ﬂimﬁﬁﬁuma (natural frequency) W8332UU WU

ananwaziiuveuwandnnglunsevle g dmivimnsirzuui liudsduanansuu

aiu Asnamaligliaousiliwmnueudnsussnweviniy det(s7 — 4)



28

& &

A [ a l =2 o v a 3
Luaa%’mwnmmQmaﬂwmmmvlmﬂuﬂumauamm’l‘v\maunammaa (sI — A)

Y

o

v { o a 1 ‘S, k2 L Qs ~ A o
ldiliornsdunasa dildaeazadasivaming s dslusiwon n den WHWIY
AANBIUT a(s) wnmoduidmsenn giney LazMLAEnA Jinavaziianitasni
o v = a U t=lI < ar | a lé 3 ¥
n MWK @unaadwfildunnzmlauiuiiunnquansu: Sd13nfiensanan
MAILABLAza18I% lasgauldfnTvesdidiuaass ag19lsAa N8 I0NIOUTAS
a ' 1 3 ar ' ] v é a =
AuansmzIInnnafizanunudIsald8Iu lagadiakaaniiaaives (s/—4)™")
o tﬂ. o A 6 _1 v v
Maay x(s) vasrumsh 2.65 lasmaidunada (s7 - 4)" heolugm azld
x(s) = (sI = A)™ x(0) + (sI — A)~' Bu(s) (2.67)
TwnenusnuniiaflumsasvaussdonluSudunssaiingsn mrﬁﬁhiﬁﬁuw@mﬂuan
U8z9zi3uNT1 MINBUIRBITIINTIA (natural response) #3o NIABUAUBIBAIL (free
response) Wwia mmauauaaﬂaunﬁguﬁ (zero-input response)Va33zUU fulunaup
ROIUUNARIYINY fa Hunsaevsuassnuzgud T8 9iinaauauasioey
e} mmﬁﬂrymtﬁugﬂtmn%aagliﬁﬂﬂiﬁa)wrmﬁmaamauﬁﬁaﬁmauﬁaugirﬁmaa
oy ludsdumunmuuuEagu vmsunm x(s) Aldaslugums 2.64 a2l
y(s) = E(sI— 4)7 [x(0) = Bu(s) |+ Fu(s) (2.68)
& 6 ar ' A A P a v A A
wmnzaziu WarntusielaudlioRasanBawluGuaun x(0) = 0 fe
() = |E(sT — 4)™ B+ F Ju(s) = G(s)u(s) (2.69)
a A o7 & g a  ea & & dor v a
W8 G(s) AaLun3ng pxm twadu Gaundnduiduisisutnalawyasszuy NDUNA U
ldgaenvine y snn@nluunddl i waswdnd j szassnuisrisutnolon sngamilsznaud |
v98una ldasusznaufl i vasierine 35msA (s7 = 4) T eznszinuiinesuas
G(s) usasliiAnisunBnudazaaadiunindwertudrolonssinnusanadasny
N3N s T,ﬂﬂﬁammmﬁuwamuqfua”ﬂwm: a(s) (% thnuesaasluaudnuig
a a J’ 2 ar a a a a 1 o 1
AAeUwNIBNTUIINA AN B Uz NaawﬁmaammﬂLaﬂIwaua:mimﬂﬂgmmmawaa
=) = el 0 g: k2 Wlﬂ' g ar 1
anslusimunug (naunsasaadlamoldizanlyi MIMIUANLATFING la luusdazan
amanwozanunuatluddInedItesnisaessndly - G(s) ag1lsfianunis
Usnudsasnanaguaninilaveviaafildfnm) GeenSvesdiawaziviniudnivasdasan
sndnveswning F Lilluguianiuuazdndszmsniisfofnivasmauiidian

n11 wannfgsluaulandaznisdmwinasweandudielonan o W x S9sunsa

267  Azusad(s/—A)'B laglawizanumana 8IN130INULUAIIAILANNIT LT
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LUUANR E]\‘]i‘:UUVLJjLL‘lJSFTuﬂ’mL’Jﬂ'ILLUUL%JLfﬁu AEN1TABLRWEIANNDTVBITZUY T340 211‘%

MIUITNIRHANUUNUIUAMN %UAD G(s) e s = jo laah j=+/—1

2.5 N13AIUAANLUY PID (PID Controller)

Li‘meumuqmmuﬂauﬂﬁuﬁlﬂﬁ"ﬁuazmn%w’mé’}omﬁﬁﬂﬂl“ﬁ’lumsﬁ'}mm,
\Hushanufianaafinanananauandsassndslunszuiumsuazdigains o
muqm:wmmwaﬂmﬁ@]wm@’lﬁmﬁaﬁaﬂﬁqm”aUﬂﬂiﬂ%ﬂ@hﬁzyfyﬁmmuﬁwaa
NITUWMMT Adudwes PID Alfastsuiasuausisua 'I,umﬁmuqmmn PID 1
I amumITINnuTes ANt I FNNAIT 2.70

MV () = Pouw+ Louw+ Do (2.70)

\§i0 Poe, Lu, B unsvesdanmIeanINIZULAILAYY PID NUARLNAN
fenuamuneazsaade il

1) &a&2u (Proportional)

Twmenvasdndin 19eTEeNI sanvinsazdswudaniugadiuaas
AURAANRIA mmauauawaaﬁﬂdaummmﬁﬂﬂ@Unﬁsgmmm’mﬁﬂwm@ﬁw
aaafi K, wiafilundn Sanamufagis 49eanInuaadsagun i 2.71

Pou = Ke(t) (2.71)

fla Po fa dynnswiosnvesimongasin

K, fia aanagnodaain, dumdsuiuale

e fa MANIRINAIN

o fe
Nasj"@mmmUé’@dmﬁgﬁhm']aJﬁmwm@ﬁanﬂﬁ'UuLLﬂmmm"ﬁuﬁu Lwiﬁﬂ;gatﬁuvl,ﬂs:uu
alitosld lunsasanudhudinasanumedasiuian R DIRRMGHEREERMETGE
danszuiumsnesaulude

2) 13Wu3 (Integral)

HAMINBNSANE 119SIGenh S1Fe FaludasIuuewIanNuAANaa
BRZITHZINVIANUHANAA wm’muaammﬁ@wmﬂlunﬂ“ﬁwnm(ﬂ%vﬁ’uﬁmasmm
Aanaia) azltaanidasrauiiansendulunonnin ANUAanWAIARzENIzONA ALY
DANVINBUTAUS VINAVBINAVBINANUITAUTIL AN UA AL AT VNI USWUE TI81119D

LEAIAIFUNITN 2.72
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Lou - Ki [e(r)dT (2.72)
0

Py A g o €
W L A0 atyzy”rmmaaﬂmaomauﬂ’%wuﬁ

K da aanusnouswns, aaudsusudnle

o))}

AANVHANAG

4N
3k
2

AMulTSAUS

b
o))}
©

o))

t fa e
mentSius (1lavuiumandadiu) azisnszuiumiliidhgaafiidesnuszaiaainy
Reawaaiindsagiiiannmslfifisanaudagin udst1slsfiany ineuysiuiidunis

AoURnAIGBAINNAANAAFzFY 1afe ‘aﬁammmﬁﬂﬁlﬁ@lana%g@"[@\” (IuaNABIN1T

\
LLa:Lﬁ@ﬂ'ﬁﬁumvlﬂmaﬁﬂmaﬁu)
3) oUWUF (Derivative)
STMI A BUUUAIBInNUAANA AN TEUIRM ITHATHI N TN AN TY
PAIANUAANAIANA LI Wufa Lﬂumgﬁuﬁﬁué’nﬁﬁaﬁuﬁuﬁﬁunm LATA A
SANVLBAYHUT K, IWIAVBINATAILNDNEUAUD vansasanidan Tunudaueng

AURUT K, TaRuNInUEaIRIFNNTIf 2.73
d

Dout = Ktl ¥ e(t) (273)
dt

Wo Do fa sqyanosnsaniadinauaywius

K: @a aasa mﬂmgﬁuﬁ‘, duysisuen e

)}

2 AINNNHANANG

o)

e
t s 1M

mauamgvﬁ"uﬁa}:m:aaéTmﬁmiLﬂ?imuLLﬂawaaﬁtytywmmaaﬂmaﬁ:uumqu LRZAQELENA
‘f’:ﬁ):'ﬁmlﬁixuumuquLﬁﬂg&@@ﬁﬁaanﬂs ﬁafumawagﬁuﬁa:‘lﬁumsammmaa
TaLaaﬁ'“gﬂﬁL'ﬁ@ﬁnmawﬂ%ﬁuﬁm:ﬁﬂﬁ’mﬁmmwmaamﬁmﬁumaqizuumuqmﬁ%u
Lwiazm"l,sﬁmuamgﬁuﬁmaoé‘ryrgwmumuﬁgnmmmlus:uumuqmz‘hmn@iam'ﬁumu
Tuinanzasenufianarauazsunsoilinszvawnsliedssldidyaramuniua:
danamnsayRusivmalnaiioina

a

Lﬁﬂﬁ’]ﬂ’]ii’]&!ﬁwﬂ’ﬁuﬁ?ﬁ’]NW?'JN?T%L‘]‘:J%EIEUEU”IM"U’]?JE]ﬂ"ﬂ E]Oﬂ’liﬂ’JUQlJLLU’U PID

o @

frualw u(t) LInsaawnean azldsunsi 2.74 fie
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u(t) = MV (t) = Kee(t) + K ]e(r)dr + K %e(t) (2.74)

dhszuugsasiins Juusnliaadn K uaz K, ugud iRnen K aunsznadyyim

Iy

2188NLNANITUNTI (oscillate)  LLAIGAIAN K, Iindaasanilsasdarnilfiianisunds
§1MIUN13ABUAKAITHA "quarter amplitude decay” UdLAY K, AunszNIaaniTagneiad
lumfinetfisswsanszuaunis wdd K anldasdldliedios garhatdasns W
vAndn K, aunszisglagluszauiisenivld wddn K, anifnldazidwnalingg
61auauama:hna%gmﬁusau?ﬂﬁ Un@maliugu PID dufialenaizaldnitasazsay
[ ' A e = & ' 1l v A 6 L2 [
WWdhggandasmaniitu wiluvrszurlimmnsnsealiiialeesyald uazh
1 v a ~ o v a 4 é {
a1 K denfnlufazilitfansunds Souaasliluani 2.2
a aa & A aa ) 7 A ad bl % < o
on3tnilaaInsnIugu fa3tn1s Ziegler—Nichols F93Tnsfiuanslastuuinlv
aeen K, waz K, ilugud iludaama P gafiga, K, aunsznasaiianisunds e K,

WAZANTI9NITUNTE P, 1AL iNnRaa a9 2.3
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= TN lanaiya nangaugad ANVHANIIATNIZA L&0EININ
T (Rise Time) (Overshoot) (Settling Time) ¢ (Steady-state error) (Stability)

i ae i wisuudaadniiasy 8e 8ea

, a9 i Wil g SERITIE QLT 80

.| afsudndes | aaadsdnian EENGIVST aunnud Lifing fawik fentay

@131971 2.3 UAAIIENI8 Ziegler-Nichols
Control Type K, K K
P 0.50K, ¢
PI 0.45K, 1.2K, /K,
PID 0.60K, 2K /K, KP,/8
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m'iaanu,suuuaxaﬁ”wmuqmaamﬂm ﬂ’%vl%lﬁ'msmama RULADIN AN

3.1 lassasrezessasudasanldihnszuaasonuugasfianig
0 dy ' =S a v as L% a
lugufazndantiansmelnssaiesasuasdwlninszugassuuurasfiang
U8IZUUAILANIIAT F91znauay @T’;Lﬁuﬂs:ﬁg AR HEIUN qaﬁumw “Jgﬂfmmﬁu

wszindaznanasy I midnaaDsP) laadilasnuusaslilunwi 3.1

BI-DIRECTIONAL DC-DC CONVERTER

A
+HSVAD 15
15651 5Y »| Voltage Sensor IGBT Gate Driver
(VH9VM,VL) (011025Q3sQ4) i
A
AN Y A |
' AL Cote] PWM[1,234] |
I

|

|

Rectifier 5Vde I
20V —

T Circuit ]

|

[

|

| TMS320F28027 (DSP)

20Vdce

q‘ v ar v a
2NN 3.1 Iﬂix‘]Eﬁ']x’i"ﬂa\‘l’)\‘mﬂl,ﬂGONMVLWWWT']?:LL&@'NLLUUNE]\WI?IY]’]GLLﬂz’Ni]iﬂ')UﬂN
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3.2 msaanmmq‘ﬂn‘snfﬂé'nsluaaamﬂaaﬁulﬂﬁwﬂs:uaﬂ‘sauunaaoﬁﬂmaunu
#2INANIY

391 miaanLLUU@hGT’;Lﬁuﬂszgua:mmmmﬁmﬁw

9AINDULIIAY (Buck Converter)

1. mﬁuﬁnﬂs:@

lumiaaﬂmewsﬁwuusoG‘hlﬁx,mﬁuﬁuvgn 150 V. W390ma11iNN
a a 6 A - 6 & & v [
48 V. anudlunssing 10 kHz 7id0 ripple factor 1 1Wasidue lasldanudiwnmn
Tnaavinnw 1.152 €.

Vo

D=-2
VS

OIS
150

D =0.32
alamanuniionia L, iy

21

(1-0.32)(1.152)
. 2110%10%)

min

L, =39.168uH

wisnaLiudszanildganszaanaduring 1% azle

AV, (1-D)
i e
(1-D)

G i
2 AV

8Lf( v )
(1-0.32)

T 8x39.168x10° x (10x10°) x (0.01)
C =2170.14uF
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lunseenuuuasesduusagalinsadudunn 340 V. usaduioring
150 V. a0DlumssIng 10 kHz. fien ripple factor 1 1Uasidus duwinmdnn

mﬁmmﬁﬂszua‘[m@@‘i']qﬂ laslanuadrwnmulnaayinnw 11.25 Q.

pote
VS

po130
340

D =0.4412

azlddmiioni L, iy

[ _U-DR
min 2f

L AVETA T VA
2(10x10%)

L. =314.325uH

min

m@hﬁaLﬁuﬂszgﬁﬁﬂﬁﬁm’maanﬂﬁumwﬁu 1% 2zler

AV, (1-D)
15 BN
(1-Dy

D a2 e

2%

8L ( v )

(1-0.4412)

T 8x314.325x10° x (10x10°)? x (0.01)

C =204.64 uF

2. @nanumniieniin
LIEINITATIM IR BIMRIAI AN UL EYE ld IR T e T
a 6 o sﬁ’ ' = v c}l
INTYN% Tautisaantin 2 amelaasi

1) VUEINTINITZUR
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NNRININ

V.-V
(52

e [MJDT

lLon

NIMAULIIFIINUA V=150 V. V,=48 V,, D=0.32, T=10" s, Ni =2 A azle

g (%) %*0.32%107*

=1.632mH

NIBNUIIIFITINUG V=340 Vyo, Vo=150 Vi, D=0.4412, T=10" 5, Nip =2 A 3216t

L= (@;5—0]*0.4412*10*4

=4.19mH

2) VUFINT WnIzuE

NRIMIN

Aiy = —(%)(l b 550l

I —( o ](1 )

Al

NITGULTIFINUA V,=48 V,, D=0.32, T=10" s, Dii =2 A 226}

i {?)(l -0.32)*10™*

=—1.632mH



NSMAULTIFITMAUAV=150 Vy, D=0.4412, T=10" s, Ai, =2 A 216"

Ji= —[%)(1 ~0.4412)*10~*
=—4.19mH

WAINVUIIAY (Boost Converter)

1. GhGTaLﬁuﬂi:fg

37

1umsaanLmmaasﬁmmw‘hlﬁmaﬁuﬁuwﬂ 48 V. LLsoéfuLmﬁvgﬂ

150 V. anuDlumIsIng 20 kHz. 7167 ripple factor 0.5 WasiFud lasldanudiunin

Inaatrinnm 11.25 .
= o1

YNNG

1y

48 1-D

48

1-D=——
150

22l Duty Cycle (D)

Vi 0.08

wwhé'hLﬁuﬂizqﬁﬁﬂﬁé'ﬁmizaaﬂﬂﬁuwhﬁu 1% 2z 1@
Y
& RCf

Bl
Rf(AVVO)

o

o

. 0.68
11.25% (10x10%)x (0.01)

C = 604.44 uF
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lumiaanmewsﬁmmagolﬁmaﬁu%uvgﬂ 150 V. LLN@TuLmﬁvgﬂ

340 V. audlun3sIng 10 kHz. 7161 ripple factor 1 1Wasidud sruwimmiaiaw

LﬁﬁﬂaﬁﬂﬁnszLLaIﬁa@ﬁwqm lasltanudununlnaayvinns 57.8 Q.

Pl
ke A=
340 _ 1
150 1-D
T
340
ale Duty Cycle (D)
D =0.5588

m@héﬁLﬁtuﬂszﬁgﬁﬁﬂﬁé"@mi:aaﬂﬂﬁmmﬁu 1% azla
W, D
TS

D
(&T——
AV,

Rf( Vo)

- 0.5588
57.8x(10x10°)x (0.01)

C =96.68uF

2. ANANURBLIN
LIIEINIDVINIAN IR AN ULA TS Ld NI TR T e U Bee T

AINTw deutsaandu 2 anazlaeedt

1) VURINTIINTZUS

INFUNITN
DT

Al.L.orr Ll o
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NIBlUUTITIRUA V=48 V,, D=0.68, T=10" s, Ai =2 A 2zl

_ 48%0.68+10™
2
= 1.632mH

L

NIAAULIIGIT UG V=150 Vye D=0.5588, T=10"s, Qi o,=2 A 96t

;L 150% 0.5588*107
4
=4.19mH
2) VouzEIND lainTIuE
NI
: V.-V,
Al el it [2)4

L1, 0FF

X F
varxel & cAgli-g)o/
NIBFULIIRINLG V=48 V. V.=150 Vg D=0.68, T=10" s, Di, =2 A azle

L= [1&2—1—59)(1 ~0.68)*10™*

=-1.632mH

NI ULTIFITIAUG V=150 Vo, V,=340 V. D=0.5588, T=10" s, Ai_ y=2 A 9le
150 —340
T —(—2—J(1 —0.5588) 107"

=—-4.19mH
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ﬂ'wﬁLﬁuﬂizﬁ}‘ua:mm'}umﬁmﬁ’lﬁﬁﬁm‘lﬂmamﬁa
1. shdamfloahduusidudn 48 — 150 V. inldde 1.6 mH.
2. mﬁamﬁmmﬁ’musaé’ug\a 150 — 340 V. fihlFde 4.2 mH.
3. aivlszaiunsieun 48 V. AnlFde 2200 uF. , 250Vdc
4. fauAUUsznuLTIaL 150 V. fnldde 3200 F. , 450vdc

5. fafvlasulau 340 V. finlFda 2200 pF. , 450Vdc

3.2.2 IGBTs (Insulated Gate Bipolar Transistors)
fafiinanlffie SEMKRON 3% SKM200GA123D $wan 4 Tuga ($1uam

1 &@indee 1 luga) mansanuussduld 1200 v. nunszuald 200 A.

3.2.3 2993389NIUAUDY 1 LW E
dl' A v ar XA Sl 3 ar nﬂ. o a K%
HaINNRANALIINUVIRTURRANHINY 340 V, uaztaIadriniia bWinuuy
A 64 o o Y of v & 2 % = a %
FINTINNUABTAAWYINAL 48 Vy, SInuidlag3192995sanszua bifuuy 1 walasld
lalaarinastuas KBPC3510 Li’JuGT’sﬂ"s"uLm@Tum:LLaaé’uﬁm‘éuwﬂ‘lﬁ”[ﬁLm@Tuvl‘vdﬁﬁ

NTLURATI 1A8I99ITLINTEUE 1 INATLEAIAINING 3.2

DIODE
... RECTIFIER
“Rosgnan
e i e
0~380VAC —+ i == 0~380VDC
N

AN 3.2 299T3BINTZUT 1 LWR
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& a o LY
- qﬂn‘smwan‘lus:numuqumsmmumamaasuﬂaanuiﬂﬁ1ni:uamotmu
d29NANI9
3.3.1 IILINIZUF (Rectifier Circuits) lasn1Ia319299 339N T UEEMTUMT

a

m‘quﬁ W

s o =

1) 1WarFenszuadmsuledduinnaed IGBT 1was EXB850 G3diludas
LHusadn +20 v. d1uam 4 g0 lwansluudszgadsznaudisgunsoldneg Gail
1.1) wliaudas Wihussdusme 22024 v. $uau 1 an
1.2) lalaqisanszuauuunsas was KBP206G 41u3u 1 62
1.3) mihdeesNanasuuudianlaslan aua 2,200 pF. ARALIIGH
50 V. 3742% 1 a2
14) la@iSnniaees wes 7820 91m3u 1 6
1.5) mﬂw%maﬁmﬁwﬁﬂaaﬁ'ué’rgrywmmmu(Noise filter) WA
0.1 uF. W% 1 a2
fnIug9TREInTuR§IU lodTuinNnues IGBT Luas EXB8S50 filer
\douaaluiin PCB  urwifoaiu uaziBoudansesiurasiunnesmelWiindsuia

Tosnua I MIunN IR HI19I% 318821880T092993L 589N T2 UEAINENI LA LY

NN 3.3

Fuse S Ti

AC

ALY

W/

VQT 7820 ‘T—D +20V
0.1uF
~[22000F o .

——> GND
T2
% @T L s B =
0.1uF
> 2200uF
q e [ il
T3
7820 +20V

0.1uF
—PZOOUF | T e i

7820 +20V

e
0.1uF
“ﬁzoow | T = sl

AINN 3.3 29TTLINTZUIFANA 20 V. SIWTUTTULAN

S
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2) MATBpInzuEdMnTUIITTauTIeulunwd 34 2savladines
WsIauLazaIUszIIaNe DSP lumnii 3.5 Fedasmslnasssma £15 V. $1uan 3 70
WAz +5 V. 9190 1 70 w6y ‘gmmiﬁﬂs:nauﬁmqﬂnmf@mG] Gt

1.1) nloulalwWinaue 22015 - 0 - 15 V. uas 220/9 V.

1.2) laloaioensusuuuy3es was KBP206G $1win 1 67

1.3) anthdee Siamasuuudidnlaslan auie 2200 pF.  @Afa
WI961% 50 V.

1.4) ”Las‘i’n‘%ngnma% \Wa3 7815, 7915, 7812 uaz 7805

1.5) mihdiaaivimihnilasnuaanmsuniu(Noise filter) 2u1a 0.1 pF.

Fuse S Ts
i
AC 7815 __[__D+]5V
0.1uF
.1
: AT R |
—3 7915 T—D-ISV
( L 0.1uF
jizoomT l T :
{_>GN
T6
7815 +15V
0.1uF
- j’zzoou}T T
[ > GND

[ 7915 -15V

[ —%200 F"“J ooy
: e > GND

T7
l g- 7815 +15V
j’zzoouF

0.1uF
T {_> GND

> 7915 -15V

JEZOOuFﬁ,—J AR L
T T —— GND

AMNN 3.4 TAITFLINTIUT FIMTUNITIAUTIOU
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Fuse S T8

I

AC 7805 TD +V

i 0.1uF
200uF T
> GND

a: = [ s A o [ a
NINN 3.5 ﬁ@’)dﬁ]iLiUdﬂi:’LLﬁ ﬁ’]ﬁiU’N’iﬁvLa‘HUWLWSTLLSGGIIL

LLa:qm\ﬁml,‘%mmmaém%'u DSP

3.3.2 19933 unn&wmiu1a30#fas (IGBT Driver Circuit)
gmsuasestuitnniuldidanldesuimnnues Fuji Electric 1wa¥ EXB8S50
H9813135090 IGBT - Module "lﬁmmz“?iﬂs:LLa"lﬂa‘lﬁgaq@ 150 A, fius9uAifia 600 V.
smoandoaluannefi 3.1 uazuananniigaiieasilasfunssuman (Over Current
Detection) aimuludalanfifynimilasiufiszgnaalalfion POPINTA §msy PWM1-6
Wwaz PDPINTB § 30 PWM7 uaz PWM8 $3 PDPINTA Uz PDPINTB #asiilnduinef
§1AUgIgAIa9 DSP 1uas TMS320F28027  ildluanudsn leflasinanuionie

921AaNY IGBT Module 29330 UNINNILEZ993) 09N UN T U AWILROINININT 3.6

A1991 3.1 daNuMUMIRIILNN (RG) WHUNUNTLUAFIFAEY IGBT Luas EXB8SO

me o | 600N 10 A 15 A 30 A 50 A 75 A 100 A 150 A
1200 V : 8 A 15 A 25 A L 50 A 75 A
RG 25000 | 150 Q0 | 82Q) 50 (2 33 () 25 () 15 ()
5 kHz 24 mA 26 mA
24 mA
lec 10 kHz 25 mA 29 mA
15 kHz | 25 mA 27 mA 32 mA
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+33V
A+VDC
PDPINTI[A..B] TLPS21 47K
| ; MWV L ERA34-10
'_ "L J NI
i e
2 >+20V
8 —
33uF k—  IGBT
+5V 3 R0 r |
EXB L
e 850
1
15 33uF
PWM[1..8] C?@ 1 5
= B 9 > oV
10K
V -vDC

NN 3.6 WITVULNNFIATU IGBT Module

3.3.3 299770390 (Voltage Sensor Circuit)

[

1ITIAULTIOUATHU LA LTI AL TIA U DIUSHN BURR-BROWN  1uas

1S0124 Galumsrinaudaslfunasdnsauwia +15 V. $1u2% 2 yﬂLLumwﬂnﬁ's@i‘ MU

mﬂ‘éuvgmm:mmmﬁvgﬂ T4 1S0124 REIWIIDNBUIIGUFIRATZRINT 2 e ba

U b

1,500 V. §90319 188 QYYIBINAL 1 ANAUTIGUBUNNUAZBWIWNLINAY 10 V. §a

q

NUFLLDLAVDI 1SO124 AILRAIBMING 3.7

ISO124

Vin Vdc

c -15V
ND
J) O +15V
-15V
GND

+15V

AN 3.7 AALIIALLBT 1SO124
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Vdc

+15V

¥ IN4148
] —( > ADC

10K

10K

IFAAM—AA—
|
|

ho))}
=4%

AN 3.8 29IIAUIINY

WazlhINNINTeITVAYYIMEWIAEN (ADC) VBIAILTZUINNATY L0

f3naa (DSP) ﬁﬁmmﬁuﬁ%g&qdﬁ 3 V. a9nnlunisasionssausninaasiinisdiuaa
ar v ¥ ' v A L 6
mmmaammuaaLLazmuqafLmglumaa 0-3 V. lunssanuuuldidanlteatuanthuas
TL082 Tudvsnsdygnmilannariausian 1S0124  uazivailasiuussanlaly
viu 3 V. latdanlsdiuaslalaniuas 1N52258 lugautenvinnrianazidnfizes ADC ¢

2193309naInuEa I lunwn 3.8

a

3.3.4 MlyzunanasmaNmATaaa (Digital Signal Processing, DSP)

L2
¥ A

mwddpildiieonltadsznsnasy 1 m@ines  (DSP) et

2
ar

TMS320F28027 283131 Texas Instruments T9lis18az188a619 9 dalifia

- AUL3I8IAIZIIRNA 60 MHz. ( 16.67 ns. / cycle time )

- gvzanansuwa 32 Ja andaunssuuuuandnia ( Harvard Bus
Architecture )

- ﬁwaﬁ‘mmﬁwm%m%"ua%’wé‘n;nvnmﬂﬁuLfTaQLSM U 16 WaTR

- finesarasTusNMOWIREN UL 16 Wa3A

AN 3.9 sz naRa s MAIREa (DSP) Luas TMS320F28027
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HanIInaaayg

4.1 wansassmsniwalslsunsuaaanioiaes

TUsunsu PSIM (Power  Simulation) tHulusunsufiaslflunisariasaunisinens
28313 aIAu TN NSz uaA T9ILUUReIRANY (Bi-directional DC-DC Converter) W&®3
FINNT 4.1 RINMENOULTION UAZENITNULIIGH Lﬁammmﬁgﬁ)ﬁdnwﬂmmcTu
Wi N SzUEA TN DD B IANI 9B T IONOWLIING NUUIIAY UazS N ULTIewlaa3s
T@Umia‘haaam'sﬁwmu“?iama:@m6]

lumsmwaaumiﬁ’]muﬁu NINTUBNNINTIFaUantduaaIgn12 Ao

FNZNIBUTIAN LRSFAIITNULIINY  FI9:1FN13e 19 A AT DU LI U AN T2N9

11959

Control Boost Mode

Control Buck Mode

MANN 4.1 MWIINVBINITUY I NN N T LRETILL U RAIRANI I
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411 {HANMINRBINMITNBIREAIZNEULTIA

Tumamnufisnazneuusein szvinsflanusedu 340 V. tiassliiy
Mz Wi R ldusedu 48 v. Fsrseslunsudssussduaziuuuouamaa lasms
WaIuIAUaN 340 V. 11 150 V. uazanussen 150 V. 1iln 48 V. Solusginwasiees
auguaziumsauguuuula (closed-loop control) lasnslziGuisoussauasiasy
FyanmusIu 1w isuiFy g me 98 udnalIsunsuay I maae
ABnImuguuuy PID ufvihdgnadldinifisutudynaiwien (sawtooth signal)
é’tytywmﬁaé%ﬁua@mfu (Pulse Width Modulation Signal) tAaldlumitudynmues
gintlaifdfl  lasazrmstSudmalodaiasnsssauussauliasd 1aasems

Wi dnsasuulas Geanuilunsadngeaziianviny 10 kHz.

@v_msn @ ,NM Q\/_nm 'il g N\l}w @v_mw
A
-| 3@ A G = A
e - iy ok P + !
P 2,
y V_serc_ow

V_seic_mid
- a8 i 1’
o)

NN 4.2 ’NfﬂiLLﬂﬂ\‘lBT%VLW‘W’]TWZLL&@YNLLUU&E]\‘]“I":]?W]’]\T NINIIZNOULTIAY



48

VHIGH  VIOW v MID

pwm_buck1 pwm_buck2

AN 4.3 ENNENOULTIGN DotNuM Iz IWHNeIn 425 W 1Du 845 W.

VHIGH  VIOW Vv HID

NN 4.4 FMIENBULTIAN VUSRANIIZNI WD 845 W. 133 425 W.
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NN 4.3 UaT 4.4 F2URAITIENIZNAULTINY TULLAVLARANNTTINS
Wi Tasluudaznwazutadly 4 nmwsas laur

1) uEAINIINBBIAULIIGUA ldvinsuasen lagfi V HIGH = 340 V. |
V_MID =150 V.,V_LOW =48 V.

2) ugeINTINBBIFNTUEVBIs i lasd) I_1=2.8mH., 1_2=0.1 mH.

3) usasnTMasdyanm PWM fildanieesaiugu Taofl pwm_buck da
Sy PWM lSdmsuduaingledta 1, pum_buck2 da Fuanm PWM Aildamsy
TUEINT lo30H 2

4) ugaanmWaashad IninliamszmaWifamsUasuuilss

[
A ar

Rnlan winsemalieasinmsiUfouudas La9as i SIRINITO NI T e ULTIG
Twasnila I@ﬂﬂﬂ‘iﬂaquatytyﬂm PWM wazi5ud1ang TRsImINzaENAILITNIAILNN

WUy PID WWalilunstusding

4.1.2 HANIIRBIMIMNUIRENIZNULTIY
lumsramufigaaenuussdu asmnisdanussdn 48 V. iledsliiune
malwihlwldusadn 340 v. Frseslumsudssussanaziinunuuaaaa Taomsudag
WIIAUIN 48 V. 1% 150 V. wazanusieu 150 V. 1w 340 V. dsludiuvadnens
auguaziunsaiuauuuuile (closed-loop control) lasmslfiduirasusiduasiadu
NI L IIA mn‘lfuﬁwmt,ﬁﬂuﬁuﬁtyty"amﬁwaa uaMsInufisuR I Mae
ABnmauquuuy PID. dhdyanailduifsuiusmanuiudes sawtooth signal)

@  6a 6 < o

YIUNARIATINBQLATH (Pulse Width Modulation Signal) tWalFlumstusyanmes

=)

gintloddf  lasasyinmsuSudng lodaiienensseuusiaulie s LM IENIg

Wi inmsasulas Seanudlumssindsazenrinny 10 kHz,
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Yy ion 28m - I ®v MID Om 12 @V-'-DW
i . : LI S i
kJ NW\_@ I} NW\_®

11150

| . t} 0 k} __‘0 a8
Lo F < = 2200u S - :(J' 48
. 2200u e _____ 3900u

17390 . V_sence_mid
%231 2

090 pwm_boost1

pwm_boost2

NMINN 4.5 1995008903 NN T LEA TS LU LFBINANIS NEMIENULIIN

VHIGH viOW VD

V_LOW'I_LOAD

29999 2.99995 3 3.00005 3.0001
Time {s)

NINN 4.6 FNNENULTIAN IosstiNu Tz W91 400 W. 1w 600 W.
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VHIGH  VIOW  vmp

V_LOW'|_LOAD

3.999 399935 4 4.00005 4.0001
Time (s}

NN 4.7 §NENLUTIAY PULAANTZNE INHI97N 500 W. LTl 400 W.

NNNNT 4.6 UAZ 4.7 AURNITIENIZNAUUIINH UL AU LAZAANNTENNS
Wit Taslsudaznmwezutiadu 4 nwdes leud

1) ug@InTNBIisIauilarnIsuasiae lagdi v HIGH = 340 V. |
V_MID=150V.,V LOW =48 V.

2) WFINTINBBIFNTURTBIGAURIIN A 8T |_1=2.8 mH., |_2=0.1 mH.

3) URAINIIWVBIFYEI D PWM ﬁvl,ﬁmmammuqu Tasfi pwm_boost! @o
Tyano PWM Alddmsudusinglaiiifi 1, pwm_boost2 fio Fwanm PWM Alddm3u
TUFINT 10307 2

4) usasnmvaasings o mazme Wit Aamna s wuag

a

Auladn uinisenswihesinsfsuudas La993RA S8 N BT A ULIIGH
Tinaflel lasnsauaudygm PWM LLa:ﬁ%ﬁJﬂ"}aaﬁﬁ'l,ﬁmﬁaﬁmm:auﬁaa‘i%msmuQu

wuy PID WalFlunstuaing
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AINN 4.9 239371789
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421 Nﬂﬂ’ﬁ'ﬂ@ﬂﬂﬁﬁﬁﬂﬂ")zﬂE]uLLSOG‘ﬁ«L

2011,062/09 20:14:24 [E

YOKOGAWA 9

< Maing 10k 2> -

V, =340 V.

54

CH1 169:1
0.200kU div
bC Full
CHZ 100:1
8. 100kUdiv

V, =150 V.

V, =48V.

nveua i

amilaanlnan

358.333V0
316.662V
339.901V
166.662V

Min (C1)
Avg (C1)
Max (€2)

133.333v
151.223V
52.6833V
39.5833V

Avg (C3) 47,
Max (C4)

DC Full
13
bets B B

£

e o
£ Fie gy

CHA 100A:1U
28.9 Ardiv
pC Full

Edge CH1 £
Auto
©0.000kY

8236V
105.833A

Min (C4) -3.33333a

Avg (C4)

NN 4.12 WINOUULTIAU mmtﬂﬁﬂuuﬂaams:mﬂww

2011/02/06 02:06:44 (f

3

H[i1 0k

Normal

YOKOGAWA 9 80

1y Q,

e

13.5056A

CH1 160:1
18.06 Urdiv
DC  Full

CHZ 18A:1V
1.80 arsdiv
BC  Full

nvud L,

A2 Q,

nszua L,

Max (C1) 15.8333V
Hin (C1) -5.41667V
Duty(C1) 45.86:x

Max (C2) 4.38281A

(CZ) 91.1458mA
(CZ2) 2.23190n
(C3) 15.0000V
(C3) -14.1667V

Duty(C3) 31.43x«
Max (C4)

CHI 196:3
Yrd sy
B Futd
CH4 106A:1V
18.0 Asdiv
nC Fulil

Edge CH1 £
Auto
6.0 U

21.6667A

Min (C4) -4.58333A

Avug (C

4)

9.78335A

MW 413 NNALBINTEULS WA O IRATIAYII B QLATU D119 TN EULT IS




422 WANINARINENIIZNULITINU

55

2011/02/09 20:44:30 [f

ok Normal

15Miv

YOKOGAWA 9

T 1kS/s
S e CH1 1006:1
8.200kUdiv

V=340V,

DC  Full
CHZ 160:1
9.160kV div
BC Full

G

V, =150 V.

CH4 100410
20.0 asdiv
DC Full

vV, =48V.

aszualdvii

amztilFgnlnan

Edge CH1 £
Auto
0 .000kV

358.333V
325.000V
338.792V
175.0600V

Max (C1)
Min (C1)
Avg (C1)
Max (C2)

Min
Avg
Max
Min

Avg (C3) 45.7461V
Max (C4) 57.5000A
Hin (C4) -2.50000A
Avg (C4) 6.69441A

(c2)
(cz2)
c3)
(C3)

150.102V
54.1662V
33.3333v

2NN 4.14 2WINVLIIAK VIt RowLUaINI N9 TWAn

2011,02,05 23:52:40

Jirox  Normal

YOKOGAWA 1101

] 16MS/s 100us/div

MY Q,

CH1 16:1

5.00 Ysdiv
DC  Full
CHZ 10a:1V
19.06 asdiv

nssua L,

BC  Full
CHY 19:1

G Urdiv
i Fuld

CH4 10A:1V
2.00 Asdiv
DC  Full

M Q,

nssud L,

Edge CH1 £
Auto
8.06 U

Max (C1) 14.5833V
Min (C1) -4.37500V
Duty(Ci) ?71.84x

Max (C2) 15.4167A

(C2) —1.250008 DUty (C3) 58.40%

(C2) 7.01080A Max (C4) 4.33333A
(C3) 14.5833v Min (C4) -1.16667A
(C3) -4.37500V Avg (C4) 1.67132A

NINT 4.15 NIWYBINTEUT UASF YN NATIANNBALATUBII9INLUTIA]
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PNNANINAFDINFNNIZNOULIIAU WU tHayinm TR ouutasnisenig

TWHN 2993809a9a0IDS NI IzauuTIa N 340 V. 1Tu 48 V. 16 daunvsuanuazinig
- PR @ P d. a 2

NIz BN % AILRAILUAINA 412 uazlunInd 4.13 N3 WA 1 uas 3 F=UFAIDS

'
s

a o €A 3 Ao ar Vo & - a a 6
sy madIaiuagLatunim v lofafimuzanieldlunstusing Q,
uaz Q; audau lapfiandaa loaafi Q, uss Q, TAWYNTU 45.86 % uaz 31.43 %
audey §ulunmni 2 uaz 4 ssusaaioFyaNMUaINIEURTBIGIMALIN L,y uaz L,
JAYINY 9.78335 A. LAz 2.23190 A. ANE1GL

PNHANINAFNINTNNIZNVUTIAU WU tlarinisidfsuutasnisznig
Wi 299389nsmunsainmszauLTIcuan 48 V. 1ilu 340 v. e sunszuaiuaziinny

P e e A P A a2

NIt NaUAAYU AIULEAIIBNNA 414  uazlumnd 415 N3 AA 1 uwes 3 AzuAID
s o €A 6 & da s y A g n,, P P s a 6
syanmRadIaiuagLaiuninsdiuddidlofafimanzauialdlunistusing Q,
uaz Q, auday laafiadaalaaad Q, was Q, TAWYNTD 71.84 % uaz 58.40 %
UL FIULUNTINN 2 UAz 4 URAITINE N BVBINTELETAIGURELIN L, Uaz L,

LAYNNU 7.01080 A. La: 1.67132 A. AIUFIGU
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N9TLURIEH AN T UEATINU LR IR AN (Bi-directional DC-DC Converter)
d‘ v J a o Q- v v o
ARV mmmmquwmamﬂmmaamaa"[vdﬂﬂﬂmﬂﬂ'ﬁﬂ’mqmmsmmmaa
a Aada v ' a = < 6
s int laddifieaanssss o Pulse Width Modulation (PWM) 9 lulasaaulnsaiaas
i;u TMS320F28027 Mf319930utnnanmssaniuuaialdsuniudiasinisnauniiaes
PSIM (Power Simulation) las1aasmsvinuluaniiznanissauain 340 v. 1w 48 v.
LRZENISNULIINY 48 V. 1111 340 V. 320U TAULIIaw W DswaTasiiniy
wasuulaslnasuas g fiau

IINNIINIT UV 929930 a9 FH LW A NTLURATILUURBI AN (Bi-directional
DC-DC Converter) l4an12:nanusian by susiausidng 340 V. ud1vinnmimanu
UNAUT1080nH 150 V. wa: 48 V. AMSNARILIAS MLARII9IRINITOINEIIZAL

@ P R4 ~pdat: PP £ W - N
UIIAUV188NN 150 V. Uas 48 V. 16R39N3 lnItinlnananadlaztnaaniIalNyLazan
LSIAUTILN  &IBNNSHINUIRIAIZNLLIIAL LGVNNII818 LTI ULTNT 48 V. a2
MINULTIAULI08N LeN 150 V. ez 340 V. 3NNN1INAR8ILENI ALTARIN99I8NNITD

o o o - va & A a &
INBITTAVLIIAULIBBNT 150 V. Uas 340 V. Vlmnmlummﬂﬁamwmuuaza@am‘%a

LANLRZRALIIAUIINTNTHA L

5.2 UnI130k

@
a

2i%h Lot

o

lunwﬁ IMIANBIRANNTHIIUYDI99T Bi-directional DC-DC Converter

w%fan*ﬁaﬁwmsaaﬂLLUULLa:mﬁag@maamﬁaﬁnmwﬁnmiﬁwmm‘%ﬂ@sﬁﬁ’mm 2 8%
Ao mmmiﬁﬁﬁmamammugu FIINNITANBI292391N LUTUNTNI IR INI
AauRILaas PSIM (Power Simulation) 31338lun133188929930awiua3192993U8e

NS LA UHNRNINAR I NV T T I



58

5.3 Jalawaline
'Lumsﬁ'mﬁ‘nﬂaamnﬂ?n?umnmﬁamnms@iaawsﬁwé’omuﬁmu&h AT
maﬁmaulumwamaasmuqm‘audwﬁﬁmuﬁ%ahi laglanI=193TL38INTZUANID
unassnsiApensesTuinnuazserausssunta il aufisanuoylivieli lu
MyIaA1614 9142993830231 Differential probe 1aladiuNIIAALIIFULAZNITZUR
Wi %mﬂummqﬁﬂﬁ' Oscilloscope lsuanuidamels lun1smasosnastRuLsIen

faztpsuazlaimsislnaaiunimidan laaanuuuan BiNaanutlasai

5.4 AofiArseiinnsaa

e V‘i’lmsaamm‘umimuqlﬂﬂUlﬁ’gﬂvlmiﬂiﬂauiﬂsaLaaﬁﬁamuqumamsﬁwm
TulRuaU8 9299 INUUTIGULAZ 1IN LTI Ia e [ula

2. ‘fhmsaaﬂmeaaﬁﬂm:LLa'luLwia:agw?isTaaﬂwﬁ@mLLa:LﬁUuIﬂsLLnswLﬁa%’um
el lumtlasiunssuaiin

3. FmadandersasulasdulWihnszuaassuuaesfiantg (Bi-directional DC-DC
Converter) 1=#11988030 (340 V) uaziedasanina Wisindisnuausd 48 v) fi
mmmﬁwmvl@ﬂuiﬁmmawamaiﬁaﬁwwﬁamumnﬁ%n%mLﬁua:awlugﬂ’uaa
wasnIakludaziousd waziiululnyevaseiossuiialWiulesiinasnud

~ % ' A
usesy D lvnuasnsa

4. ﬁwms@mwﬁﬁﬁamﬁmﬁﬂLﬁaam%ﬂuﬁaamﬂmsﬁmaumumﬁﬂ



29sudasanldfInssugasInUUdaIN AN

(Bi-directional DC-DC Converter)



H % A ° P &)
AMNN 1 ANNRRNIINNTI9U% 1) BUIA 4.2 mH. o) 2U1Q 1.6 mH.



ANN 3 3ANT a3 0N



AN 4 299730INS2LRULUL 1 LNREIHLSIAY 340 V. Uaz 48 V.

s

A ) S s Aaad e
NMAN S ’JG%S?J‘]JLﬂﬂﬁ'Mi‘UVLa%‘Uﬂﬂ’] J
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BURR - BROWN®

ISO124

Precision Lowest Cost
ISOLATION AMPLIFIER

FEATURES APPLICATIONS

® 100% TESTED FOR HIGH-VOLTAGE ® INDUSTRIAL PROCESS CONTROL:
BREAKDOWN Transducer Isolator, Isolator for Thermo-
® RATED 1500Vrms couples, RTDs, Pressure Bridges, and

Flow Meters, 4mA to 20mA Loop Isolation
® GROUND LOOP ELIMINATION
@® MOTOR AND SCR CONTROL

® HIGH IMR: 140dB at 60Hz
® 0.010% max NONLINEARITY
® BIPOLAR OPERATION: Vg = +10V

® 16-PIN PLASTIC DIP AND 28-LEAD SOIC RAQVER MY UQRYLG
® EASE OF USE: Fixed Unity Gain ® PC-BASEDDATAACQUISITION

Configuration ® TEST EQUIPMENT
® 14.5V to +18V SUPPLY RANGE

DESCRIPTION

The ISO124 is a precision isolation amplifier incor-
porating a novel duty cycle modulation-demodulation
technique. The signal is transmitted digitally across
a2pF differential capacitive barrier. Withdigital modu-
lation the barrier characteristics do not affect signal V) O—]
integrity, resulting in excellent reliability and good high
frequency transient immunity across the barrier. Both

VOUT

barrier capacitors are imbedded in the plastic body of Gnd‘vsz
the package. Wy,

The ISO124 is easy to use. No external components Vi

are required for operation. The key specifications are Gnd

0.010% max nonlinearity, 50kHz signal bandwidth, Wy,

and 200pV/°C Vg drift. A power supply range of
+4.5V to £18V and quiescent currents of +5.0mA on
Vs, and £5.5mA on Vg, make these amplifiers ideal
for a wide range of applications.

The 1SO124 is available in 16-pin plastic DIP and 28-
lead plastic surface mount packages.

International Airport Industrial Park + Mailing Address: PO Box 11400, Tucson, AZ 85734 « Street Address: 6730 S. Tucson Blvd., Tucson, AZ 85706 + Tel: (520) 746-1111 = Twx: 910-952-1111
Internet: http://www.burr-brown.com/ » FAXLine: (800) 548-6133 (US/Canada Only) + Cable: BBRCORP - Telex: 066-6491 + FAX: (520) 889-1510 * Immediate Product Info: (800) 548-6132

“1997 Burr-Brown Corporation PDS-1405A Printed in U.S.A. September. 1997



SPECIFICATIONS

At T, =+25°C, Vg, = Vg, = 15V, and R = 2kQ, unless otherwise noted.

1SO124P, U
PARAMETER CONDITIONS MIN TYP MAX UNITS
ISOLATION
Rated Voltage, continuous ac 60Hz 1500 Vac
100% Test (1 1s, 5pc PD 2400 Vac
Isolation Mode Rejection 60Hz 140 dB
Barrier Impedance 101]| 2 Q|| pF
Leakage Current at 60Hz Viso = 240Vrms 0.18 0.5 pArms
GAIN Vo =10V
Nominal Gain 1 %
Gain Error +0.05 +0.50 %FSR
Gain vs Temperature +10 ppm/°C
Nonlinearity(?) +0.005 +0.010 %FSR
INPUT OFFSET VOLTAGE
Initial Offset +20 +50 mV
vs Temperature +200 puv/ec
vs Supply +2 mV/V
Noise 4 uVAHZ
INPUT
Voltage Range +10 +12.5 \'
Resistance 200 kQ
OUTPUT
Voltage Range +10 +12.5 \
Current Drive *5 +15 mA
Capacitive Load Drive 0.1 pnF
Ripple Voltage® 20 mVp-p
FREQUENCY RESPONSE
Small Signal Bandwidth 50 kHz
Slew Rate 2 Vius
Settling Time Vo =+10V
0.1% 50 us
0.01% 350 us
Overload Recovery Time 150 us
POWER SUPPLIES
Rated Voltage *+15 Y
Voltage Range +4.5 +18 \
Quiescent Current: Vg, +5.0 +7.0 mA
Vs 5.5 7.0 mA
TEMPERATURE RANGE
Specification -25 +85 °C
Operating -25 +85 °C
Storage —40 +85 °C
Thermal Resistance, 04 100 °C/W
0yc 65 °C/W

NOTES: (1) Tested at 1.6 X rated, fail on 5pC partial discharge. (2) Nonlinearity is the peak deviation of the output voltage from the best-fit straight line. Itis expressed
as the ratio of deviation to FSR. (3) Ripple frequency is at carrier frequency (500kHz).

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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CONNECTION DIAGRAM

Top View —P Package

J
Ve, |1 16 | Gnd
Vg, E 15 | Vi

Top View—U Package

+Vg, |1 28| Gnd
Vg |2 27| Vi

Vol T 10| Vg, Vour |13 16| —Vg,
Gnd |8 9 +Vg, Gnd |14 15 ] +Vg,
PACKAGE INFORMATION ABSOLUTE MAXIMUM RATINGS™
PACKAGE DRAWING Supply Voltage-................... +18V
PRODUCT PACKAGE NUMBER( Vin +100V
1SO124P 16-Pin Plastic DIP 238 fo:tipuo#s Isolarg?ur:;/ollage ..................................................... 153?\5/3115
1SO124U 28-Lead Plastic SOIC 217-1 W@ gy T LN . 4
Storage Temperature ... +85°C
NOTE: (1) For detailed drawing and dimension table, please see end of data Lead Temperature (soldering, 10s) +300°C
sheet, or Appendix C of Burr-Brown IC Data Book. Output Short to COMMON ...........ovwriiiciiiiiiiei e Continuous
NOTE: (1) Stresses above these ratings may cause permanent damage.

ORDERING INFORMATION

NONLINEARITY
PRODUCT PACKAGE MAX %FSR
1SO124P 16-Pin Plastic DIP +0.010
1S0124U 28-Lead Plastic SOIC +0.010

ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degrada-
tion to complete device failure. Precision integrated circuits
may be more susceptible to damage because very small
parametric changes could cause the device not to meet its
published specifications.

BURR - BROWN®
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TYPICAL PERFORMANCE CURVES

At Tp = +25°C, and Vg = £15V, unless otherwise noted.

SINE RESPONSE SINE RESPONSE
(f = 2kHz) (f = 20kHz)
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2.1k e 1 140 R
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TYPICAL PERFORMANCE CURVES (CONT)

At T, = +25°C, and Vs = +15V, unless otherwise noted.

PSRR (dB)

60

40

20

PSRR vs FREQUENCY

ISOLATION LEAKAGE CURRENT vs FREQUENCY

100mA
10mA
Yo 7
\\ \ 2 P
= 1mA Ay
\ \ I = 7 /,1
\ s1» TVs2 e 1500Vrms 1 B
\ 3 100pA =
VooV o il
: N | N hers L
\ -
\ N g 7
\ \ = // 71~ 240Vrms
\ \ 1pA =
\ Q AT
0.1pA L
10 100 1k 10k 100k ™ 1 10 100 1k 10k 100k ™
Frequency (Hz) Frequency (Hz)
SIGNAL RESPONSE TO
INPUTS GREATER THAN 250kHz
100kHz —»| |
= VourVin Frequenc:
0 /\ /\ A Out —1 250

=10 200 5

l% X \ / \ / \ ;

S 3

B =

2}_ 20 150 ]

3 g

> -30 / \ Joli) g

-40 \ \ 50
0 500k 1M 1.5M

Input Frequency (Hz)

(NOTE: Shaded area shows aliasing frequencies that
cannot be removed by a low-pass filter at the output.)
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THEORY OF OPERATION

The ISO124 isolation amplifier uses an input and an output
section galvanically isolated by matched 1pF isolating ca-
pacitors built into the plastic package. The input is duty-
cycle modulated and transmitted digitally across the barrier.
The output section receives the modulated signal, converts it
back to an analog voltage and removes the ripple component
inherent in the demodulation. Input and output sections are
fabricated, then laser trimmed for exceptional circuitry match-
ing common to both input and output sections. The sections
are then mounted on opposite ends of the package with the
isolating capacitors mounted between the two sections. The
transistor count of the ISO124 is 250 transistors.

MODULATOR

An input amplifier (A1, Figure 1) integrates the difference
between the input current (V/200kQ) and a switched
+100pA current source. This current source is implemented
by a switchable 2001LA source and a fixed 100A current
sink. To understand the basic operation of the modulator,
assume that Vg = 0.0V. The integrator will ramp in one
direction until the comparator threshold is exceeded. The
comparator and sense amp will force the current source to
switch; the resultant signal is a triangular waveform with a
50% duty cycle. The internal oscillator forces the current
source to switch at S00kHz. The resultant capacitor drive is
a complementary duty-cycle modulation square wave.

DEMODULATOR

The sense amplifier detects the signal transitions across the
capacitive barrier and drives a switched current source into
integrator A2. The output stage balances the duty-cycle

modulated current against the feedback current through the
200k< feedback resistor, resulting in an average value at the
Vour pin equal to V. The sample and hold amplifiers in the
output feedback loop serve to remove undesired ripple
voltages inherent in the demodulation process.

BASIC OPERATION

SIGNAL AND SUPPLY CONNECTIONS

Each power supply pin should be bypassed with 1 tF tantalum
capacitors located as close to the amplifier as possible. The
internal frequency of the modulator/demodulator is set at
500kHz by an internal oscillator. Therefore, if it is desired to
minimize any feedthrough noise (beat frequencies) from a
DC/DC converter, use a 7t filter on the supplies (see Figure 4).
1SO124 output has a 500kHz ripple of 20mV, which can be
removed with a simple two pole low-pass filter with a
100kHz cutoff using a low cost op amp (see Figure 4).

The input to the modulator is a current (set by the 200k
integrator input resistor) that makes it possible to have an
input voltage greater than the input supplies, as long as the
output supply is at least £15V. It is therefore possible when
using an unregulated DC/DC converter to minimize PSR
related output errors with 5V voltage regulators on the
isolated side and still get the full 10V input and output
swing. An example of this application is shown in Figure 9.

CARRIER FREQUENCY CONSIDERATIONS

The ISO124 amplifier transmits the signal across the isola-
tion barrier by a 500kHz duty cycle modulation technique.
For input signals having frequencies below 250kHz, this
system works like any linear amplifier. But for frequencies

Isolation Barrier
; 200pA
1pF }
i 1pFin
1 ]
1pF 3
1] |
I I
- Sense 100pA
: 150pF 200kQ
200kQ 150pF ; { F
Vi oA I |
E 5 O Vour
+ A1 _U_ E =
H SH SH
: G=1 G=6
Osc : T ?
+Vg, Gnd1 Vg, Vg, Gnd2 Vg,

FIGURE 1. Block Diagram.
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above 250kHz, the behavior is similar to that of a sampling
amplifier. The signal response to inputs greater than 250kHz
performance curve shows this behavior graphically; at input
frequencies above 250kHz the device generates an output
signal component of reduced magnitude at a frequency
below 250kHz. This is the aliasing effect of sampling at
frequencies less than 2 times the signal frequency (the
Nyquist frequency). Note that at the carrier frequency and its
harmonics, both the frequency and amplitude of the aliasing
go to zero.

ISOLATION MODE VOLTAGE INDUCED ERRORS

IMV can induce errors at the output as indicated by the plots of
IMV vs Frequency. It should be noted that if the IMV frequency
exceeds 250kHz, the output also will display spurious outputs
(aliasing) in a manner similar to that for Vyy >250kHz and the
amplifier response will be identical to that shown in the “Signal
Response to Inputs Greater Than 250kHz” typical performance
curve. This occurs because IMV-induced errors behave like input-
referred error signals. To predict the total error, divide the isolation
voltage by the IMR shown in the “IMR versus Frequency” typical
performance curve and compute the amplifier response to this
input-referred error signal from the data given in the “Signal
Response to Inputs Greater Than 250kHz” typical performance
curve. For example, if a 800kHz 1000Vrms IMR is present, then
a total of [(-60dB) + (=30dB)] x (1000V) = 32mV error signal at
200kHz plus a 1V, 800kHz error signal will be present at the
output.

HIGH IMV dV/dt ERRORS

As the IMV frequency increases and the dV/dt exceeds
1000V/us, the sense amp may start to false trigger, and the
output will display spurious errors. The common-mode
current being sent across the barrier by the high slew rate is
the cause of the false triggering of the sense amplifier.
Lowering the power supply voltages below 15V may
decrease the dV/dt to 500V/us for typical performance.

HIGH VOLTAGE TESTING

Burr-Brown Corporation has adopted a partial discharge test
criterion that conforms to the German VDE0884 Optocou-
pler Standards. This method requires the measurement of
minute current pulses (<5pC) while applying 2400Vrms,
60Hz high voltage stress across every 1SO124 isolation
barrier. No partial discharge may be initiated to pass
this test. This criterion confirms transient overvoltage
(1.6 x 1500Vrms) protection without damage to the ISO124.
Lifetest results verify the absence of failure under continu-
ous rated voltage and maximum temperature.

This new test method represents the “state-of-the art” for
non-destructive high voltage reliability testing. It is based on
the effects of non-uniform fields that exist in heterogeneous
dielectric material during barrier degradation. In the case of
void non-uniformities, electric field stress begins to ionize
the void region before bridging the entire high voltage
barrier. The transient conduction of charge during and after
the ionization can be detected externally as a burst of 0.01-
0.1us current pulses that repeat on each ac voltage cycle.
The minimum ac barrier voltage that initiates partial dis-
charge is defined as the “inception voltage.” Decreasing the
barrier voltage to a lower level is required before partial
discharge ceases and is defined as the “extinction voltage.”
We have characterized and developed the package insulation
processes to yield an inception voltage in excess of 2400Vrms
so that transient overvoltages below this level will not
damage the 1SO124. The extinction voltage is above
1500Vrms so that even overvoltage induced partial dis-
charge will cease once the barrier voltage is reduced to the
1500Vrms (rated) level. Older high voltage test methods
relied on applying a large enough overvoltage (above rating)
to break down marginal parts, but not so high as to damage
good ones. Our new partial discharge testing gives us more
confidence in barrier reliability than breakdown/no break-
down criteria.

Isolation Barrier

Viyy O——1 1s0124 : Vour

Gnd

+Vsy

l__

mFI :|t 1pF 1|JFZ‘I;

N =

l—— A,

fa—— A,

1S0150

o

+15V =15V, +15V -15V

1

1S0124

7
>—‘O Vour

FIGURE 2. Basic Signal and Power Connections.

FIGURE 3. Programmable-Gain Isolation Channel with
Gains of 1, 10, and 100.
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1000pF
Isolation Barrier { lr
: R, R, 5
475k 9.76k OPA237
Viy O——— 150124 ! +
: Vs2
] +V, ) S o
' = =~ 220pF
Gnd1 Gnd2
"VS1
10pH 10pH
Vg,
o miv
m _I— S2
1uF & ey |V SN
o R e G =L
1F pF 1pF | 1uF 1pF 1pF

—O Vour=Vin

FIGURE 4. Optional 1t Filter to Minimize Power Supply Feedthrough Noise; Output Filter to Remove 500kHz Carrier Ripple.

For more information concerning output filter refer to AB-023 and AB-034.

This Section Repeated 49 Times.

10kQ

e, =12V
10kQ

e, =12V

15

N‘_S"

Charge/Discharge Control

1S0124

€49 =12V

g = 12V

Control
Section

Multiplexer

FIGURE 5. Battery Monitor for a 600V Battery Power System. (Derives input power from the battery.)
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+15V

|

Isothermal
Block with
1N4148(M

1MQ

Thermocouple

DaN

10.0V
s REF102 A
% Ry = +15V —15V +15V —15V
+15V
2 1
4 2 1S0124
+In 9
1| INA114 15 10 7
Rg or Vour
8| INA128 8
—In
5 16
3
RS
500
-15V
SEEBACK
100 ISA COEFFICIENT R, R,
Zero Adj TYPE | MATERIAL (pv/°eC) (R3 =100Q) | (Rs+ Rg= 100Q)
_L Chromel
ey B Constantan 58.5 3.48kQ 56.2kQ
i Iron
v J Constantan 50.2 4.12kQ 64.9kQ
J Chromel
AN K Alumel 39.4 5.23kQ 80.6kQ
7 Copper
P Constantan 38.0 5.49kQ 84.5kQ

NOTE: (1) -2.1mV/°C at 2.00pA.

FIGURE 6. Thermocouple Amplifier with Ground Loop Elimination, Cold Junction Compensation, and Up-scale Burn-out.

0.8mA 0.8mA

RTD
% (PT100)

% R,

NOTE: (1) R; = RTD resistance at minimum measured temperature.

+Vg = 15V on PWS740

1S0124

I
1
1
|
1
]
!
'
1
1
|
|
|
1

+—= Gnd
-Vg=-15V
on PWS740

FIGURE 7. Isolated 4-20mA Instrument Loop. (RTD shown.)
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Vine Up to
+10V Swing
O——— | 1s0124
—15V
+5V -5V
Regulator 1 3 Regulator
MC78L05 MC79L05
— 1
0.47pF
3 2 ’ '_‘

+15V

oim

0.47pF

1

0.47pF|

|

-

5746 és((

DCPQ11515

)

52 b

NOTE: The input supplies can be subregulated to +5V to reduce
PSR related errors without reducing the +10V input range.

FIGURE 9. Improved PSR Using External Regulator.

Vg, (+15V) (f

[7

Vs | INPUT RANGE
v) (V)™

20+ -2t0+10
15 21045

12 210 +2

i,

Signal Source

Vin
+ Rg

0

INA105
Difference Amp
5
WA =
R R,
6 In
+
150124
R, R, R
W — MWW
4 Reference
IN4689
51V

= NOTE: (1) Select to match Rs..

+Vgp (+15V)

Vg, (-15V)

Vour=Vin

NOTE: Since the amplifier is unity gain, the input
7 range is also the output range. The output can go
to -2V since the output section of the ISO amp

operates from dual supplies.

11

1ISO124

FIGURE 10. Single Supply Operation of the ISO124 Isolation Amplifier. For additional information refer to AB-009.
BURR - BROWN®



0102 0506 07
DCPO11515
|
0.47pF ¢ H 0.47yF |}
0.47uF ¢ |
Vin O— O -15V, 20mA
Input o —O +15V, 20mA
Gnd 116 [15 10 |9
Auxiliary
Gnd Vi N==V Isolated
Power
Output
INPUT OUTPUT
SECTiON  SQ124 SECTION
V+ V- Vo Gnd
122 7 |8
+15V O——4 St
-1V o——o | 0V,
FIGURE 11. Input-Side Powered ISO Amp.
+15V Gnd
5162 050607
DCP011515 DCP011515
07 06 05 0201
0.47pF ¢ | 0.47pF ¢ |-¢ 0.47pF [}¢
- |-¢ 0.470F 0.47uF ¢ |-
Vjy O ——0 -15V, 20mA
Input 0— —O +15V, 20mA
Gnd [16 |15 10 |9
Auxilia
Gnd V Voo e Isolaterg
Power
Output
INPUT OUTPUT
SECTION ~ 1SQ124 SECTION
Auxiliary
I%olated
ower
Output V+ V- Vo Gnd
s 7 |8
+15V, 20mA O l o 8::?[“
~15V, 20mA O 0 Vg
FIGURE 12. Powered ISO Amp with Three-Port Isolation.
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IS73

TLO82
TLO82A - TL082B

GENERAL PURPOSE J-FET

DUAL OPERATIONAL AMPLIFIERS

B WIDE COMMON-MODE (UP TO V') AND
DIFFERENTIAL VOLTAGE RANGE

B LOW INPUT BIAS AND OFFSET CURRENT
B OUTPUT SHORT-CIRCUIT PROTECTION

B HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

B INTERNAL FREQUENCY COMPENSATION
B LATCH UP FREE OPERATION
B HIGH SLEW RATE : 16V/us (typ)

DESCRIPTION

The TL082, TLO82A and TL0O82B are high speed
J-FET input dual operational amplifiers incorpo-
rating well matched, high voltage J-FET and bipo-
lar transistors in a monolithic integrated circuit.

The devices feature high slew rates, low input bias
and offset current, and low offset voltage temper-
ature coefficient.

PIN CONNECTIONS (top view)

%

N
DIP8
(Plastic Package)

e

D
SO8
(Plastic Micropackage)

*

P
TSSOP8
(Thin Shrink Small Outline Package)

ORDER CODE
Package
Part Number Ten';;:rz‘raéure
9 N|D]|P
TLO82M/AM/BM ~55°C 4##125°C ° ° °
TLO82I/Al/BI -40°C, +105°C ° ° .
TLO82C/AC/BC @°C, +70°C ° ° °

Example : TL0O82CD, TLO82IN

N = Dual in Line Package (Dng
D = Small Outline Package (SO) - also available in Tape & Reel (DT)

P = Thin Shrink Small Outline Package (TSSOP) - only available in Tape
& Reel (PT)

1] = B
2 [ By
3 [ [ 16
4[] [ ] 5

1 - Offset null 1

2 - Inverting input 1

3 - Non-inverting input 1
4-Vec’

5 - Non-inverting input 2
6 - Inverting input 2

7 - Output 2

8-Vee'

March 2002
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TLO082 - TLO82A - TL082B

SCHEMATIC DIAGRAM

VCC+ D

Non-invertin

mpu? [

Invertin ¢
inpuq L]

1009

1009
30k

I

74

2002

D Output

1/2 TL082

H

1.3k 35k 1.3k 35k 100Q
Vee [
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter TLO82M, AM, BM | TL082I, Al, Bl TLO82C, AC,BC Unit
Vee | Supply voltage - note 1) +18 \Y
Vi Input Voltage - note 2 +15 \%
Via |Differential Input Voltage - note 3 +30 V
Piot Power Dissipation 680 mwW
Output Short-circuit Duration - note 4) Infinite
TOper Operating Free-air Temperature Range -55to +125 -40 to +105 0 to +70 °C
Tstg Storage Temperature Range -65 to +150 °C

1. Allvoltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the zero reference
level is the midpoint between V™ and Ve
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.

(]

Differential voltages are the non-inverting input terminal with respect to the inverting input terminal.

4.  The output m:y be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating
is not exceede

2111
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TLO82 - TLO82A - TL082B

ELECTRICAL CHARACTERISTICS
Vee = 215V, T, = #25°C (unless otherwise specified)

TLO82I,M,AC,AlLAM,

TLO082C
Symbol Parameter BC,BI,.BM Unit
Min. | Typ. | Max.| Min. | Typ. | Max.
Input Offset Voltage (Rg = 50Q) mv
Tamp = +25°C TLO82 3 10 3 10
TLO82A 3 6
Vio TLO82B 1 3
T eilamg < T, TLO82 13 13
TLO82A 7
TLO82B .
DVi, |Input Offset Voltage Drift 10 10 uVv/eC
Input Offset Current - note R
lo Tamp = +25°C 5 100 5 100 pA
Thin < Tamb s Tmax 4 10 nA
Input Bias Current -note 1
lip Tamp = ¥25°C 20 | 200 20 | 400 | pA
Trmin I 4hb < Tmax 20 20 nA
Large Signal Voltage Gain (R = 2kQ, V, = +10V) VimV
Avd Tamb = +25°C 50 | 200 25 | 200
Tonih £ TamE < W 25 15
Supply Voltage Rejection Ratio (Rg = 50Q) dB
SVR Tamp = +25°C 80 86 70 86
Tmin = Tamb & Tmax 80 70
Supply Current, no load mA
lec Tamp = +25°C 1.4 (2.3 1.4 | 25
Trth € Topp SPRA 2.5 25
Viem |Input Common Mode Voltage Range i3 :1;5 il f,:g v
Common Mode Rejection Ratio (Rg = 50Q) dB
CMR Tamp = ¥25°C 80 | 86 70 | 86
Trin < Tanth. S0 /8 80 70
Output Short-circuit Current mA
los Tamp = +25°C 10 40 60 10 40 60
Tnin< Tamb S Thax 10 60 10 60
Output Voltage Swing \Y;
Tamp = +25°C RL = 2kQ 10 12 10 12
+Voop RL = 10kQ 120/ 135 12 | 135
Tmin < Tamb < Tmax RL = 2kQ 10 10
RL = 10kQ 12 12
SR Slew Rate (T, = +25°C) Vius
Vip = 10V, R = 2k, C; = 100pF, unity gain 8 16 8 16
( Rise Time (Tymp = +25°C) us
E Vin = 20mV, Ry = 2kQ, C, = 100pF, unity gain 0.1 0.1
K Overshoot (Tymp = +25°C) %
o Vi, = 20mV, R = 2kQ, C| = 100pF, unity gain 10 10
GHP Gain Bandwidth Product (T, = +25°C) MHz
Vi, = 10mV, Ry = 2kQ, C, = 100pF, f= 100kHz 25 4 2.5 4
Ri |Input Resistance 102 1012 Q
IS7; 3/11




TLO82 - TLO82A - TL082B

TLOBZBIbMéII\(é,hI;I,AM, TL082C
Symbol Parameter = Unit
Min. | Typ. | Max.| Min. | Typ.| Max.
Total Harmonic Distortion (T,,,, = +25°C), .
THD f= 1kHz, R| = 2kQ,C| = 100pF, A, = 20dB, t
0.01 0.01
Vo= 2Vpp
o |Eauivalent Input Noise Voltage nv
h Rg =100, f = 1KHz 15 15 Hz
@m |Phase Margin 45 45 degrees|
Channel Separation
VoilV, 120 120 dB
015502 A, =100

1

4111

The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature.
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TLO82 - TLO82A - TL082B

MAXIMUM PEAK-TO-PEAK OUTPUT MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE versus FREQUENCY VOLTAGE versus FREQUENCY
E 30 Slea ik
s 30 Ven s | ‘ ER‘L}jhzkuH‘lf} § l—— I l |I’ i Ao 10k 1
?_— 25 =i =T T *25‘Cj 8 25 B VCF_ ,15\/ : Th Taml‘) = +25<‘C[
& o LI LI N i o g o I 1] L
%S Voo = =10V | \ e =S Voos ¢ 1oV [T
W 15 f ] mmi Su 15 T
g2 L A IRV A
%0 m“vcc-rsv ¢ 0 Bl <2 i | [Veo=+ 5V 7\
w o | i L \‘ wo [ | i N\
; 5 i : ‘ i o> 5 - -
= 100 Tk 100K 1M oM X 100 1K 10K 100K 1M 10M
FREQUENCY (Hz) = FREQUENCY (Hz)
MAXIMUM PEAK-TO-PEAK OUTPUT MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE versus FREQUENCY VOLTAGE versus FREE AIR TEMP.

30 T T T oy TY T 30
Tamb +25°C V n 15V ___F__{_\
22 I gl oommrias ] ==

RL—ZKQ FEESTEF Lo R - N
20 \ I t | I
4 I ; 20 T [} i
15 \\ [ | B B < | =R =101 |
\ \\ Tamb = -55°C o) | | - =Ry = 2kQ
10 X\ t '__J 10 t——+—t——t—- 1 - | ¥ B S
| N ¢ ‘ @/
5 ‘ 5 Vo = 15V ‘

|
0 Tamb = +125°C \\1_ \\.. \
10k 40k 100k 400k 1M 4M  10M

-#5 %50 -25 Q. XN25 450 75 -50 125
TEMPERATURE (°C)

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE (V)
MAX'MUM PEAK-TO-PEAK OUTPUT

FREQUENCY (Hz)

MAXIMUM PEAK-TO-PEAK OUTPUT MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE versus LOAD RESISTANCE VOLTAGE versus SUPPLY VOLTAGE
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TLO082 - TLO82A - TL082B

INPUT BIAS CURRENT versus FREE AIR
TEMPERATURE

LARGE SIGNAL DIFFERENTIAL VOLTAGE

AMPLIFICATION versus FREE AIR TEMP.

=

Ve = £18V —

T

0.1

INPUT BIAS CURRENT (nA)
N

0.01
50 25 0 25 50 g& 100 25

TEMPERATURE ('C)

DIFFERENTIAL VOLTAGE
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TOTAL POWER DISSIPATION versus FREE AIR

AMPLIFICATION AND PHASE SHIFT versus TEMPERATURE
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TL082 - TLO82A - TL082B

COMMON MODE REJECTION RATIO versus VOLTAGE FOLLOWER LARGE SIGNAL PULSE
FREE AIR TEMPERATURE RESPONSE
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TL082 - TLO82A - TL082B

PARAMETER MEASUREMENT INFORMATION

Figure 1 : Voltage Follower

Figure 2 : Gain-of-10 Inverting Amplifier

€o

C, = 100pF
=
TYPICAL APPLICATIONS
100KHz QUADRUPLE OSCILLATOR
18pF 1k Q
= ! 18pF
g L
1/2 884k Q |
TLO82 DR < =
1/2
88.4k Q - o O 6cosmt
U R o TL082 e
i 1k Q
T 18pF A
B 88.4k Q I l }:
E’ 1N 4148
18k Q *
j; +15V
* These resistors values may be adjusted for a symmetrical output
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TLO82 - TLO82A - TL082B

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP

|
JT
B
A
|

al
L
=

_"_
o
@
=]
o© | =
E

ed 4
Z
D
[l [==FJb
8 5
(T
1 4
Ly Ll 1
Millimeters Inches
Dim.
Min. Typ. Max. Min. Typ. Max.
A 3132 0.131
al 0.51 0.020
B 115 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 10.92 0.430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
e3 7.62 0.300
e4 7.62 0.300
F 6.6 0260
i 5.08 0.200
L 3.18 3.81 0.125 0.150
74 1262 0.060
7 9/11




TLO82 - TLO82A - TL082B

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (SO)

L
= Kd o
c; < [ "%
A A T
: g G
I : E
el E |
D
AJ_D_D_E M
8 5
w
1 4
\— -
U Wl
Millimeters Inches
Dim.
Min. Typ. Max. Min. Typ. Max.
A 1.75 0.069
al 0.1 0.25 0.004 0.010
a2 1.65 0.065
a3 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
b1 0.19 0.25 0.007 0.010
(03 0.28 0.5 0.010 0.020
cl 45° (typ.)
D 48 5.0 0.189 0.197
E 5.8 6.2 0.228 0.244
e 1.27 0.050
e3 3.81 0.150
F 3.8 4.0 0.150 0.157
5 04 1.27 0.016 0.050
M 0.6 0.024
S 8° (max.)
10111 IS77




TLO082 - TL0O82A - TL082B

PACKAGE MECHANICAL DATA
8 PINS - THIN SHRINK SMALL OUTLINE PACKAGE

2 [ozsmm |
L N —
GAGE PLANE

E1

o
zy
F<g o
5.1 =
da

PIN 1 IDENTIFICATION
Millimeters Inches
Dim.
Min. Typ. Max. Min. Typ. Max.
A 1.20 0.05
A1 0.05 0.15 0.01 0.006
A2 0.80 1.00 1.05 0.031 0.039 0.041
b 0.19 0.30 0.007 0.15
c 0.09 0.20 0.003 0.012
D 2.90 3.00 3.10 0.114 0.118 0.122
E 6.40 0.252
E1 4.30 4.40 4.50 0.169 0.173 0.177
e 0.65 0.025
k 0° 8° 0° 8°
| 0.50 0.60 0.75 0.09 0.0236 0.030
L 0.45 0.600 0.75 0.018 0.024 0.030
L1 1.000 0.039

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from
its use. No license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications
mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information
previously supplied. STMicroelectronics products are not authorized for use as critical components in life support devices or

systems without express written approval of STMicroelectronics.
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"@ TEXAS
INSTRUMENTS

Data sheet acquired from Harris Semiconductor
SCHS046!1

CMOS Hex Buffer/Converters

The CD4049UB and CD4050B devices are inverting and
non-inverting hex buffers, respectively, and feature logic-
level conversion using only one supply voltage (Vcc). The
input-signal high level (V) can exceed the V¢ supply
voltage when these devices are used for logic-level
conversions. These devices are intended for use as CMOS
to DTL/TTL converters and can drive directly two DTL/TTL
loads. (Vgc =5V, VoL £0.4V, and g 23.3mA.)

The CD4049UB and CD4050B are designated as
replacements for CD4009UB and CD4010B, respectively.
Because the CD4049UB and CD4050B require only one
power supply, they are preferred over the CD4009UB and
CD4010B and should be used in place of the CD4009UB
and CD4010B in all inverter, current driver, or logic-level
conversion applications. In these applications the
CD4049UB and CD4050B are pin compatible with the
CD4009UB and CD4010B respectively, and can be
substituted for these devices in existing as well as in new
designs. Terminal No. 16 is not connected internally on the
CD4049UB or CD4050B, therefore, connection to this
terminal is of no consequence to circuit operation. For
applications not requiring high sink-current or voltage
conversion, the CD4069UB Hex Inverter is recommended.

Features

» CD4049UB Inverting

= CD4050B Non-Inverting

» High Sink Current for Driving 2 TTL Loads
= High-To-Low Level Logic Conversion

» 100% Tested for Quiescent Current at 20V

» Maximum Input Current of 1pA at 18V Over Full Package
Temperature Range; 100nA at 18V and 25°C

5V, 10V and 15V Parametric Ratings

CD4049UB, CD4050B

Applications

August 1998 - Revised May 2004

« CMOS to DTL/TTL Hex Converter
» CMOS Current “Sink” or “Source” Driver
» CMOS High-To-Low Logic Level Converter

Ordering Information

TEMP.

PART NUMBER RANGE (°C) PACKAGE
CD4049UBF3A -55t0 125 16 Ld CERDIP
CD4050BF3A -551t0 125 16 Ld CERDIP
CD4049UBD -55 to 125 16 Ld SOIC
CD4049UBDR -551t0 125 16 Ld SOIC
CD4049UBDT -55 to 125 16 Ld SOIC
CD4049UBDW -55to 125 16 Ld SOIC
CD4049UBDWR -65 10 125 16 Ld SOIC
CD4049UBE -6510 125 16 Ld PDIP
CD4049UBNSR -5510125 16 Ld SOP
CD4049UBPW -55t0 125 16 Ld TSSOP
CD4043UBPWR -55 10125 16 Ld TSSOP
CD4050BD -55to 125 16 Ld SOIC
CD4050BDR -55t0 125 16 Ld SOIC
CD4050UBDT -551t0 125 16 Ld SOIC
CD4050BDW -55t0 125 16 Ld SOIC
CD4050BDWR -55 10 125 16 Ld SOIC
CD4050BE -55t0 125 16 Ld PDIP
CD4050NSR -55 10 125 16 Ld SOP
CD4050BPW -55to0 125 16 Ld TSSOP
CD4050BPWR -551t0 125 16 Ld TSSOP

NOTE: When ordering, use the entire part number. The suffix R denotes tape
and reel. The suffix T denotes a small-quantity reel of 250.

Pinouts
CD4049UB (PDIP, CERDIP, SOIC, SOP, TSSOP) CD4050B (PDIP, CERDIP, SOIC, SOP)
TOP VIEW TOP VIEW
vee [4] e [16] NC vee [1] o [16] NC
G=A[2] i5] L=F c=A[2] 15| L=F
NE o NG o
H=B[4] [13] NC H=8[4] [13] NC
B [5] 2] K=E B [5] 12| k=€
1=C [ 1] £ 1=c [&] [11]
c[ 0] 4=D c[7] 1] J=D
vss [3] 9jb vss [2] 9] D
1 ' CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.

Copyright © 2004, Texas Instruments Incorporated




CD4049UB, CD40508B

Functional Block Diagrams
CD4049uUB

11 12 e
E K=E
14 15 y
F L=F
1
Vee
8
Vss
NC =13
NC =16

CD4050B

(9}
n
>

I
u
@

[
1]
o

YIYYTY

E K=E
14 5
F — L=F
1
Vee
8
Vss
NC =13
NC =16

Schematic Diagrams

FIGURE 1A. SCHEMATIC DIAGRAM OF CD4049UB, 1 OF 6
IDENTICAL UNITS

ouT

B

= Vss

FIGURE 1B. SCHEMATIC DIAGRAM OF CD4050B, 1 OF 6
IDENTICAL UNITS




CD4049UB, CD4050B

Absolute Maximum Ratings

Supply Voltage (V+toV-). .. ... -0.5V to 20V
DC Input Current, Any One Input. . .. .................. +10mA

Operating Conditions
Temperature Range . .. ...................... -55°C to 125°C

Thermal Information

Package Thermal Impedance, 6 (see Note1):

E (PDIP)Package ... ...covuuenmannaeaeaneann. 67°C/W
D(SOIC)Package . ........ccooiunininnnnnnnnnn. 73°C/W
DW(SOIC)Package ...........ccoieiiiiiiinnn.. 57°C/W
NS (SOB) Package: . : i s samaiisBs s wivimls s s s + - 64°C/W
PW. (TSSOP)Package: i« « ccowvivuinmmam o v o vmnvins 108°C/W
Maximum Junction Temperature (Plastic Package)......... 150°C
Maximum Storage Temperature Range. . ....... .. 65°C to 150°C
Maximum Lead Temperature (Soldering 10s) ... .......... 265°C

SOIC - Lead Tips Only

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. The package thermal impedance is calculated in accordance with JESD 51-7.

DC Electrical Specifications

LIMITS AT INDICATED TEMPERATURE (°C)

TEST CONDITIONS 25
Vo VIN
PARAMETER V) V) Vee (V) | -55 -40 85 125 MIN TYP MAX | UNITS
Quiescent Device Current - 8.5 5 1 1 30 30 - 0.02 i HA
| Max
po ( ) - 0,10 10 2 2 60 60 - 0.02 2 pA
- 0,15 15 4 4 120 120 - 0.02 4 pA
- 0,20 20 20 20 600 600 - 0.04 20 pA
Output Low (Sink) Current 04 0,5 45 5] 3.1 b 1.8 § ] 5.2 - mA
loL (Min)
0.4 0,5 5 4 3.8 29 2.4 32 6.4 - mA
0.5 0,10 10 10 9.6 6.6 5.6 8 16 - mA
1.5 0,15 15 26 25 20 18 24 48 - mA
Output High (Source) Current 46 0,5 5 -0.81 | -0.73 | -0.58 | -0.48 | -0.65 -1.2 - mA
lon (Min)
2.5 0,5 5 2.6 2.4 -1.9 -1.55 2.1 -3.9 - mA
9.5 0,10 10 -2.0 -1.8 -1.35 | -1.18 | -1.65 -3.0 - mA
13% 0,15 15 -5.2 -4.8 -3.5 -3.1 -4.3 -8.0 - mA
Out Voltage Low Level - 0.5, 5 0.05 0.05 0.05 0.05 - 0 0.05 \%
VoL (Max)
- 0,10 10 0.05 0.05 0.05 0.05 - 0 0.05 \%
- 0,15 15 0.05 0.05 0.05 0.05 - 0 0.05 \
Output Voltage High Level - 0,5 5 4.95 4.95 4.95 4.95 4.95 5 - \
Von (Min)
- 0,10 10 9.95 9.95 9.95 9.95 9.95 10 - \%
- 0,15 15 1495 | 1495 | 14.95 | 14.95 | 14.95 15 - \%
Input Low Voltage, Vi (Max) 45 - 5 1 1 1 1 - - 1 \
CD4049UB
9 - 10 2 2 2 2 - - 2 \%
135 - 15 25 25 25 25 - - 2.5 \
Input Low Voltage, V_ (Max) 0.5 - 5 1.5 1.5 1.5 1.5 - - 1.5 \%
CD4050B
1 - 10 3 3 3 3 - - 3 \%
15 - 15 4 4 4 4 = . 4 Vi




CD4049UB, CD4050B

DC Electrical Specifications (Continued)

LIMITS AT INDICATED TEMPERATURE (°C)
TEST CONDITIONS 25
Vo VIN
PARAMETER V) V) Vec (V) | -55 -40 85 125 MIN TYP | MAX | UNITS
Input High Voltage, Vi Min 0.5 - 5 4 4 4 4 4 - - \
CD4049UB
1) - 10 8 8 8 8 8 - - \Y
1.5 - 15 12,5 12.5 12.5 12.5 12,5 - - \Y
Input High Voltage, V| Min 45 - 5 35 3.5 3.5 35 35 - - \
CD4050B
9 - 10 7 7 7 7 7 - - \Y%
13.5 - 15 e 11 1 11 11 - - \Y%
Input Current, Iy Max - 0,18 18 +0.1 +0.1 +1 i - +105 | +0.1 pA

AC Electrical Specifications  Tj =25°C, Input t;, tf = 20ns, C|_ = 50pF, R_ = 200kQ

TEST CONDITIONS LIMITS (ALL PACKAGES)
PARAMETER Vin Vce TYP MAX UNITS
Propagation Delay Time 5 5 60 120 ns
st 10 10 32 65 ns
10 5 45 90 ns
45 15 25 50 ns
18 9 45 90 ns
Propagation Delay Time 5 5 70 140 ns
é%v:é%;ggh’ PLH 10 10 40 80 ns
10 5 45 90 ns
15 15 30 60 ns
15 5 40 80 ns
Pl;opagation Delay Time 5 5 32 65 ns
23232955’3 - PHL 10 10 20 40 ns
10 5 15 30 ns
15 15 15 30 ns
15 5 10 20 ns
Propagation Delay Time 5 5 55 110 ns
glgz Otgol-;w. tPHL 10 10 22 55 ns
10 5 50 100 ns
15 15 15 30 ns
15 5 50 100 ns
Transition Time, Low to High, tr 1 5 5 80 160 ns
10 10 40 80 ns
15 15 30 60 ns
Transition Time, High to Low, try 5 5 30 60 ns
10 10 20 40 ns
15 15 15 30 ns




CD4049UB, CD4050B

AC Electrical Specifications  Tj =25°C, Input t;, tf = 20ns, C_ = 50pF, R_=200kQ (Continued)

TEST CONDITIONS LIMITS (ALL PACKAGES) ;‘
PARAMETER Vin Vee TYP MAX UNITS
Input Capacitance, Cjy - 15 225 pF
CD4049UB
Input Capacitance, Cjy - 5 7.5 pF
CD4050B
Typical Performance Curves
Ta=25°C | | Ta =25°C |
k SUPPLY VOLTAGE (Vcc) =5V SUPPLY VOLTAGE (V¢c) = 5V
s s |
w 5 w 5 T
2 2
g g g 4 MINIMUM MAXIMUM
> MINIMUM MAXIMUM =
= [
2 3 RN
[ =
=) 2
Oked QN 2
L 2
1 1
0 1 2 3 4 0 1 2 3 4

Vj, INPUT VOLTAGE (V)

FIGURE 2. MINIMUM AND MAXIMUM VOLTAGE TRANSFER
CHARACTERISTICS FOR CD4049UB

Ta =25°C

70 T

60 |— 15V 4 e

i

=/

/

30

GATE TO SOURCE VOLTAGE (Vgs) = 5V

20

loL, OUTPUT LOW (SINK) CURRENT (mA)

10 I/
| 4

0 1 2 3 4 5 6 7 8
Vps, DRAIN TO SOURCE VOLTAGE (V)

FIGURE 4. TYPICAL OUTPUT LOW (SINK) CURRENT
CHARACTERISTICS

Vj, INPUT VOLTAGE (V)

FIGURE 3. MINIMUM AND MAXIMUM VOLTAGE TRANSFER
CHARACTERISTICS FOR CD4050B

Ta= 25°C
70 15V, 10V
60 / /
50 //
/
40
/)

30

20

GATE TO SOURCE VOLTAGE (Vgs) =5V
10

loL, OUTPUT LOW (SINK) CURRENT (mA)

0 1 2 3 4 5 6 7 8
Vps, DRAIN TO SOURCE VOLTAGE (V)

FIGURE 5. MINIMUM OUTPUT LOW (SINK) CURRENT DR.AIN
CHARACTERISTICS




CD4049UB, CD4050B

Typical Performance Curves (Continued)

Vps, DRAIN TO SOURCE VOLTAGE (V) Vps, DRAIN TO SOURCE VOLTAGE (V)
84 7 6 5 -4 3 2 1 0 4 7 6 5 4 3 -2 1 0
Ta=25°C Ta =25°C
| 1 71 5 + + o] -5
kel i 3 GATE TO SOURCE VOLTAGE L~ -3
| GATE TO SOURCE VOLTAGE / 40 B E b Ve = 2 0§ =
/ O 0 Vgs = -5V / ¥ x £
Vgs =-S5V / 1 e | it // oD x
i 4 B35 -0V " 25
/ ze =0 5=
205 I = 2 O
S 4 Q< £ <
/ / ¥ T 15V ':_: =
- 125502 25 2k
AV ] e =z & =
/ p 2 30 9 K
/ & O %
=
(8]
asv 2 ol -35
FIGURE 6. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT
CHARACTERISTICS CHARACTERISTICS
10 10
S o SUPPLY VOLTAGE = '8 SUPPLY VOLTAGE
wog | \ = Voo =10V o 8 o ~t Ve =10V
o 1250¢ TN+ Vo5 Q 125°C ~<i] cc
i 1 1 1 B 7 ! 1 | 1 |
5 T —— 4 o & |
Ta = -55°C > 6 L Tp=-55°C
; : Vee =5V ‘/ A 5 g Vee =5V ,‘/ i
o o
5 4 . e '
° e— -55°C o > i
Sy = e |
2 125°C H 2 azsec || >°¢
2 ~aC 2 X
1 1
0 0
0 1 2 3 4 5 647 8910 o7 372 508 WE 9 10
Vi, INPUT VOLTAGE (V) V, INPUT VOLTAGE (V)
FIGURE 8. TYPICAL VOLTAGE TRANSFER CHARACTERISTICS FIGURE 9. TYPICAL VOLTAGE TRANSFER CHARACTERISTICS
AS A FUNCTION OF TEMPERATURE FOR CD4049UB AS A FUNCTION OF TEMPERATURE FOR CD4050B
10° o 2 B e = oc i H
S s Ce LA St H i ;
= 2 4
[ (,/ /1 '\é 3 4 7/ 5 105 V< y A v 4
w NG S 2 A = Su Y
E 104 v© > w o &y o€ (Il 4
i o > 3 = 104 PSR T | s 5 15V; 1MHzZ
> © FEA L)) Z 10 Ardl L_L 1)
= 4 = Tt —L 15V; 100kHz
= N = ‘/ o
o — i = 6 —H—7 T 10V; 100kHz
B N 2Ly N e i L4 T 15V; 10kHz
a 108 by = Z 10 A5 == 10V: 10kHz
o ¢ | 7 = g 4 r —115V; 1kHz
o L E
E T ¢ [/ & 102 LA
® 102 Nald LOAD CAPACITANCE ] 2
7] = — Cy_= 50pF o f «
a 17 " (11pF FIXTURE + 39pF EXT) & 1044 e
o = === Cy =15pF g I
§ 10 | (11pF FIXTURE + 4pF EXT) & || SUPPLY VOLTAGE V¢ = 5V FREQUENCY (f) = 10kHz
10 102 103 104 10° 10 102 10® 10* 105 108 107 10®
f, INPUT FREQUENCY (kHz) t;, t5, INPUT RISE AND FALL TIME (ns)
FIGURE 10. TYPICAL POWER DISSIPATION vs FREQUENCY FIGURE 11. TYPICAL POWER DISSIPATION vs INPUT RISE
CHARACTERISTICS AND FALL TIMES PER INVERTER FOR CD4049UB




CD4049UB, CD4050B

Typical Performance Curves (Continued)

6
=10
§ Ta =25°C
& 108 a At A
- =] y 4
4 Wi —
I-I>J P AQ Va1
=i p A2V T 15V; 1MHz
i = CTFT 15V 100kHz
i Aﬁcq [ 10V; 100kHz
= z P TIPS |7\ = 15V; 10kHz
3 A=t 10V: 10kHz
= =" =T 15v; 1kHz
= 2 L+ Y | 4
»n 10
7]
o

:

© 10
5 SUPPLY VOLTAGE V¢ = 5V FREQUENCY (f) = 10kHz []]
o 1 1 LIt ) o #5163 Eand I T U TRl 5 5 N G Lt 1 [ 1

10 102 108

10

10° 108 107 108

t, tf, INPUT RISE AND FALL TIME (ns)

FIGURE 12. TYPICAL POWER DISSIPATION vs INPUT RISE
AND FALL TIMES PER INVERTER FOR CD4050B

Test Circuits

Vee
Vee T
INPUTS
o
Vss

®

Vss

FIGURE 13. QUIESCENT DEVICE CURRENT TEST CIRCUIT

Vee
wputs 4 outpuTts
Vee <+
<t
4—
o <+
Vss < T
Vss

NOTE: Measure inputs sequentially, to both Vg and Vgg connect
all unused inputs to either Vg or Vss.

FIGURE 15. INPUT CURRENT TEST CIRCUIT

Vce
nputs 4 outputs
ViH < >
> L+
%) Bie
o <+ > -
V“_ <+ * P> r—
Vss

NOTE: Test any one input with other inputs at Vgc or Vgs.
FIGURE 14. INPUT VOLTAGE TEST CIRCUIT

CMOS 10V LEVEL TO DTL/TTL 5V LEVEL

Vece =5V
COS/MOS l OUTPUT
IN TO DTL/TTL
—>—1 CD4049
INPUTS
10V =Vyy 5V =VoH
ﬂ 0= V"_ "é— Vss -]J_O = VOL

In Terminal - 3, 5,7, 9, 11, or 14
Out Terminal - 2, 4, 6, 10, 12 or 15
Ve Terminal - 1

Vgg Terminal - 8

FIGURE 16. LOGIC LEVEL CONVERSION APPLICATION




CD4049UB, CD4050B

Test Circuits (cContinued)

Vob
lo.ﬂlF
500uF o~ 1 e
1 16 p—
Cl s
_’L 3 m 14
=)
—a —i4 g 13 b—
10kHz, 5 s 12—
100kHz, 1MHz e TR iy
JL : i
8 9

Cy INCLUDES FIXTURE CAPACITANCE

FIGURE 17. DYNAMIC POWER DISSIPATION TEST CIRCUITS
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R Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS
www.ti.com 28-Feb-2005

PACKAGING INFORMATION

Orderable Device Status " Package Package Pins Package Eco Plan @ Lead/Ball Finish MSL Peak Temp
Type Drawing Qty
CD4049UBD ACTIVE soic D 16 40 Pb-Free CU NIPDAU  Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
CD4049UBDR ACTIVE SoIC D 16 2500 Pb-Free CU NIPDAU  Level-2-260C-1 YEAR/
(RoHS) Level-1-235C-UNLIM
CD4049UBDT ACTIVE soiC D 16 250 Pb-Free CUNIPDAU  Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
CD4049UBDW ACTIVE SoIC DW 16 40 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR/
(RoHS) Level-1-235C-UNLIM
CD4049UBDWR ACTIVE soIC DW 16 2000 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR/
(RoHS) Level-1-235C-UNLIM
CD4049UBE ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU  Level-NC-NC-NC
(RoHS)
CD4049UBF ACTIVE CDIP J 16 1 None Call Ti Level-NC-NC-NC
CD4049UBF3A ACTIVE CDIP J 16 1 None Call Tl Level-NC-NC-NC
CD4049UBM OBSOLETE  SOIC D 16 None Call Tl Call Tl
CD4049UBM96 OBSOLETE  SOIC D 16 None Call T Call Tl
CD4049UBNSR ACTIVE SO NS 16 2000 Pb-Free CU NIPDAU  Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
CD4049UBPW ACTIVE TSSOP PW 16 90 Pb-Free CU NIPDAU  Level-1-250C-UNLIM
(RoHS)
CD4049UBPWR ACTIVE TSSOP PW 16 2000 Pb-Free CU NIPDAU  Level-1-250C-UNLIM
(RoHS)
CD4050BD ACTIVE solic D 16 40 Pb-Free CU NIPDAU  Level-2-260C-1 YEAR/
(RoHS) Level-1-235C-UNLIM
CD4050BDR ACTIVE soIC D 16 2500 Pb-Free CU NIPDAU Level-2-260C-1 YEAR/
(RoHS) Level-1-235C-UNLIM
CD4050BDT ACTIVE SoIC D 16 250 Pb-Free CU NIPDAU  Level-2-260C-1 YEAR/
(RoHS) Level-1-235C-UNLIM
CD4050BDW ACTIVE S{e][e3 DW 16 40 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR/
(RoHS) Level-1-235C-UNLIM
CD4050BDWR ACTIVE Soic DW 16 2000 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
(RoHS) Level-1-235C-UNLIM
CD4050BE ACTIVE PDIP N 16 25 Pb-Free CUNIPDAU  Level-NC-NC-NC
(RoHS)
CD4050BF ACTIVE CDIP J 16 1 None Call Tl Level-NC-NC-NC
CD4050BF3A ACTIVE CDIP J 16 1 None Call Tl Level-NC-NC-NC
CD4050BM OBSOLETE  SOIC D 16 None Call Tl Call Tl
CD4050BNSR ACTIVE SO NS 16 2000 Pb-Free CUNIPDAU  Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
CD4050BPW ACTIVE TSSOP PW 16 90 Pb-Free CUNIPDAU  Level-1-250C-UNLIM
(RoHS)
CD4050BPWR ACTIVE TSSOP PW 16 2000 Pb-Free CU NIPDAU  Level-1-250C-UNLIM
(RoHS)
JM38510/05553BEA ACTIVE CDIP J 16 1 None Call Tl Level-NC-NC-NC
JM38510/05554BEA ACTIVE CDIP J 16 1 None Call T! Level-NC-NC-NC

M The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.

Addendum-Page 1



oo PACKAGE OPTION ADDENDUM

INSTRUMENTS
www.ti.com 28-Feb-2005

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - May not be currently available - please check http://www.ti.com/productcontent for the latest availability information and additional
product content details.

None: Not yet available Lead (Pb-Free).

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean "Pb-Free" and in addition, uses package materials that do not contain halogens,
including bromine (Br) or antimony (Sb) above 0.1% of total product weight.

® MsL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDECindustry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is
provided. TI bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl
to Customer on an annual basis.
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J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE

14 LEADS SHOWN

PINS *+
14 16 18 0
DIM 2
. 0300 | 0300 | 0300 | 0.300
(762) | (7.62) | (7.62) | (7.62)
. L BSC BSC BSC BSC
dEnchalaidgan —— 0785 | .840 | 0.960 | 1.060
T (19,94) | (21,34) | (24,38) | (26,92)
) c B MIN — | — —_— | —
l 7 & 0.300 | 0.300 | 0.310 | 0.300
BEBEREEF 7 faE= (7.62) | (7.62) | (7.87) | (7.62)
1 7
0.245 | 0245 | 0.220 | 0.245
0.065 (1,65) C MIN
ookl (6,22) | (6,22) | (5. (6,22)

©.060 (1,52)

—» ¢— 0.005 (0,13) MIN 5,015 (0.38) I" W

= 0.200 (5 08) MAX

= Seating Plane

*t 0.130 (3 30) MIN

_’j 0.026 (0,66)
0.014 (0,36) 036 2il 0-15

100 (2,54) 0.014 (0,36)
0.008 (0,20)

4040083 /F 03/03

NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
E

Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.



MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—-IN—-LINE PACKAGE
16 PINS SHOWN
< A > il 16 18 20
DIM
& ; 0.775 | 0.775 | 0920 | 1.060
T o B hon o 7 o S e T b Y e A MAX (1960) | (19.69) | (25.37) | (26.92)
0.260 (6,60 0.745 0.745 0.850 0.940
) @—4#,10)) ACMIN ) (18,92) | (18,92) | (21,59) | (23.88)
MS=001
7 S S 77 Vo VARIATION AA B8 AC AD
_J 0.070 (1,78) &
0.045 (1,14)
0.045 ( 0.325 (8,26
—P [" 0030 0.020 (?.51) MIN W%,B_g
0.015 (0,38)
e \ 1 ! L el
\- 7 0.200 (5,08) MAX = —f—chge Plane
l Seating Plane

1 0.125 (3,18) MIN 0.010 (0,25) NOM

~>j 0.430 (10,92) MAX L—

uiu%,u,.ﬁ,
[l te =

0.100 (2,54)

0.021 (0,53)
0.015 (0,38)

[4]0.010 (0,25)® / \
\U/ 14/12_5 Pin Only &

20 Pin vendor option

4040049/E 12/2002

NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

A Falls within JEDEC MS—001, except 18 and 20 o's w s wiw soey cagle (D A)
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.

"v'f TExXAS
INSTRUMENTS

www.ti.com



MECHANICAL DATA

D (R—PDSO-G16)

PLASTIC SMALL—OUTLINE PACKAGE

0.394 (10,00) %
i 0.386 (9,80)

e

|

/H I E LB R
e b JL%@%@ 5

010 (0,25) M

W

0.157 (4,00)
0.150 (3,80)

i

0.244 (6,20)
0.228 (5,80)

i N

o 4 =] =] - (=] -) A ] o l
0.010 (0,25)
- 0.069 (1,75) Max 0.004 (0,10)
0.010 (0,25)
0.007 (0,17)1
[ 7 )
* [(]0.004 (0,10)
Gauge Plane —¢—
F— ? Seating Plane
0.010 (0,25) 0-8° \_/
0.050 (1,27)
0.016 (0,40)
4040047-4/F 07/2004
NOTES: Al linear dimensions are in inches (millimeters).

© oo

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

Falls within JEDEC MS-012 variation AC.

J&'" TEXAS

INSTRUMENTS

www.ti.com



MECHANICAL DATA

DW (R—PDS0-G16) PLASTIC SMALL—OUTLINE PACKAGE

0.413 (10,50)
0.398 (10,10)

BARAARAS |

\< 0.419 (10,63)
0.393 (9,97)
0.299 (7,60)

0.291 (7,40)

l
IR

£ J L— JL"‘”" 02
Index Area 00 .77 0012 (0,31)

0.010 (0,25) M)

" iy |
UAEEOAAET iz AL
0.104 (2,65) Max —_{ 0.012 (0.30)

0.004 (0,10)

0013 (0,33)
0.008 (0, 20
Gauge Plone s i(

0.010 (0,25) >

[ [000 0]

? Seating Plane

0.050 (1,27)
0.016 (0,40)

4040000-2/F 06/2004

NOTES: All linear dimensions are in inches (milimeters).
This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

Falls within JEDEC MS-013 variation AA.

oW

“5’ TEXAS
INSTRUMENTS

www.ti.com



MECHANICAL DATA
NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

0,51

14 8

TAAAAN Hj
SL@ 0'15lN0M

'l | N

O Gage Plane [/ §
o b b A/b-ac
1 7
1.05
A 0,95
015
/ \ I B T3 i
v \ ‘ Seating Plane ‘ . I\ / /_\L\'
L 2,00 MAX ? [2lo.10
PINS *
DM 14 16 20 24
A MAX 10,50 10,50 12,90 15,30
A MIN 9,90 9,90 12,30 14,70

404000 3/03

NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.

INSTRUMENTS
www.ti.com




MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1999

PW (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14 PINS SHOWN

i ks
ANAHAAA

T 0,15 NOM
450 660
4,30 ,20 i
0O l Gage Plane _L
IEERL LN B
1 7
: A > (¢} 0,75

——

A\

_[ ! J _i Seating Plane ¢ (\

1,20 MAX 3,_‘1)2 Y \&d 7
14 16

e 8 20 24 28

DIM
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01/97

NOTES: A. Alllinear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0,15.
Falls within JEDEC MO-153

cow
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T1) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to Tl's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which T1 products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of Tl.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ticom Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments

Post Office Box 655303 Dallas, Texas 75265

Copyright © 2005, Texas Instruments Incorporated
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Absolute Maximum Ratings Values SEMITRANS® M
Symbol | Conditions " ..123D | ..123D1| units | IGBT Modules
Vees 1200 v SKM 200 GA 123D
Vcer Ree = 20 kQ 1200 \Y, SKM 200 GB 123 D
Ilc Tcase = 25/80 °C 200/ 180 A 6)
lcm Tcase = 25/80 °C; tp = 1 ms 400/ 360 A SKM 200 GB 123 D1 6)
Ve = i L 90 vV SKM 200 GAL 123 D 6)
Ptot per IGBT, Tcase = 25 °C 1380 w SKM 200 GAR 123 D
T (Ta) ~40 .. .+150 (125) °C ;
Visol AC, 1 min. 25007 %
humidity DIN 40 040 Class F
climate DINIEC 68 T.1 40/125/56
Inverse Diode FWD © .
IF=—Ic Tcase = 25/80 °C 200 /130 260 /180 A ;,;‘! .
Irm=—lcm | Tcase =25/80 °C; tp=1ms 400 /360 400/ 360 A
lEsm tp =10 ms; sin.; T; = 150 °C 1450 1800 Pz\ i
%t ty= 10ms; Tj= 150 °C 10 500 24 200 A’s e B
Characteristics
Symbol | Conditions " min.  typ. max. | Units ﬁ J 6) J
Verices | Vee=0, lc =4 mA > VcEes A 5 \%
VGE(th) Vee = Vcg, Ic =6 mA 45 3.5 6,5 V J QJ 6)
Ices Vee=0 } Ji= 2536 = 0,2 3 mA
Vce =Vces | Tj=125°C - 12 — mA
e Vee = 20 V, Vce= 0 A y, 1 HA GA GB GAL GAR
VCEsat lc =150 A{ Vee =15V, } - 2,5(3,1) 3(3,7) V Features
VeEsat Ic = 200 A] T; = 25 (125) °C L ~AYBEERTTR Vv » MOS input (voltage controlled)
gfs Vece=20V, Ic =150 A 95 — — S e N channel, Homogeneous Si
G per IGBT @ = 700 pF e Low inductgnce case
il Vee =0 - 10 13 nE e Very low tail current with low
co } Vee =25V s 15 2 nE te_mperature.dependenc_g
CL f= 1 MHz 3 0.8 1.2 e ° ngh_shgrt crrcunE capability,
er & \ 20 nH self limiting to 6 * lcnom
e Latch-up free
td(on) Vec =600 V 4 2 20 22k e o Fast & soft inverse CAL
tr Vee =-15V / +15 V2 = 100 200 ns diodes®)
ta(off) Ic =150 A, ind. load - 600 800 ns o Isolated copper baseplate
. Raon = Reoff = 5,6 Q ;- 70 100 ns using DCB Direct Copper Bon-
Eon 5’ T,=125°C o 24 i mWs ding Technology
Eotr ° = 17 = mWs o Large clearance (13 mm) and
Inverse Diode & creepage distances (20 mm).
VF = Vec Ir =150 A{VGE =0V; } - 2,0(1,8) 2:5 Vv Typical Applications: — B6 - 153
VE=Vec | IF=200A[T;=25 (125)°C - 225(2,056) - \Y e Switching (not for linear use)
V1o T;=125°C - - 1,2 Vv
rT 1= 126°C . = 5 7 mQ Y Tese = 25 °C, unless otherwise
IRRM lF=150 A Tj=25(125)°C2| - " 55(80)° = A specified
Qrr lF=150 A; Tj=25(125)°C?| - 8(20) = uc 2 |e=—|c, VR=600V,
FWD of types “GAL", “GAR” "123D1"® ® — dig/dt = 1500 Alus, Ve = 0 V
VE = Vec IF =150 A{VGE =0V, } -  185(1,6) 22 \Y 2; Use Vgeoff =-5 ...-15V
VE=Vec | IF=200A[T;=25(125)°C S8 \% & See fig. 2 + 3; Rooff = 5,6 Q2
V1o Tj=125°C it = 1,2 \Y; The free-wheeling diodes of the
rr +Tj=125°C = 3 55 mQ GAL and GAR types have the
IRRM IF =150 A; T;= 25 (125) °C? 5 60(90) i A data of the inverse diodes of
Qn le =150A; T, = 25i(125)°CY| - 8(23) = uc LT s
Thermal Characteristics 8) Vi 5 4000 Vi oh [Eq oSt
CAL = Controlled Axial Lifetime

Rinjc per IGBT = - 0,09 °C/W i
Rihjc per diode / FWD “GAL; GAR - — 0,25/0,18| °C/W Cases and mechl dats s Bé454
Rthch per module - - 0,038 °C/W *) SEMITRANS 4 — B6-168

© by SEMIKRON 0898 B6 —149



SKM 200 GA 123 D...

M200G 123.XLS-1 60 200GB202
1400 o Tj=125°C
it & Gl Ve = 600 V
E‘"‘/ Vee=+15V
1000 40 Rc=56Q
800 \‘
X 30
N /
600 N
\\ 20 A Eoff
400
N
200 > 12 = Cat
N E =1
Prot
0
0,20 40 60 8 100 120 140 160 0 |50 100 150 200A 250
c °C
Fig. 1 Rated power dissipation Piot = f (Tc) Fig. 2 Turn-on /-off energy = f (Ic)
Ic [A] 1502iu.vpo
200GB203 {0 =
o P Ti=125°C ok 1 pulse
mWs Vce =600 V \‘ - 20us Tc=25°C
P Vee=+15V E T 150 °C
60 )2 o = 150 A :
/ g X ¥ 100us
Zi \
40 /] -
\: 1ms
Eoff 10 \ .
= — 5 N
L — :
20 | SRS 10m
L— v
: ;
= 1 Not for
0 R, 10 20 30 a 50 1 10 100 1000 VC1£<;310 frearnes
Fig. 3 Turn-on /-off energy = f (Rg) Fig. 4 Maximum safe operating area (SOA) Ic =f (VcE)
Icpuls/ic 1502rs0.vpo IcsclicN 1502s0as.vpo
25 Tj< 150 °C 12 Tj<150°C
Ve =15V Vege=+15V
Reof =56 2 10 tsc <10 us
: Ic = 150 A L <25nH
R Icn =150 A
1.5 Note:
*Allowed numbers of
6 +—— short circuit:<1000
*Time between short
1 4 circuit:>1s
4
0.5
2
0
0
9 500 1000 1500 0 500 1000 1500
VcE [V] VCE [V]
Fig. 5 Turn-off safe operating area (RBSOA) Fig. 6 Safe operating area at short circuit Ic = f (VcEg)
B6-150 0898 © by SEMIKRON
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Ic [A] 1502us3.vpo
200 |l

180

/

160

140

120

100

80

60

40

20

0 1 2 3 4
VCe V]

Fig. 9 Typ. output characteristic, t, = 80 ps; 25 °C

Pcond(t) = VcEsatt) - lc()

VeEsatt) = VeeoyTj) + ree) - leg)

Veeoym) < 1,5 + 0,002 (Tj - 25) [V]

typ.: rcemj) = 0,0066 + 0,000027 (T; - 25) [2]

max.: rcecj) = 0,0100 + 0,000033 (Tj - 25) [Q]

valid for Vee = +15 7 % [V]; Ic > 0,3 Icnom

Fig. 11 Saturation characteristic (IGBT)
Calculation elements and equations

240

200

160

120 |

80

40

lc
0

M200G123.XLS-8

Tj= 150 °C

Vee> 15V

0 20 40
Tc

60

80 100 120 140 160
°C

Fig. 8 Rated current vs. temperature Ic = f (Tc)

Ic [A] 1502us7.vpo 1
200 ,
17V /// Y
180 : /
15V /// /
X2 13V
140 11V J
9V
120
v
100 // /
80 //
60
40
20
"
0 + J//‘
0 1 2 3 4
VCE [V]

Fig. 10 Typ. output characteristic, t, = 80 pus; 125 °C

Ic[Al

320

280

240

200

160

120

80

40

0

1502gf3.vpo

|

|

/

0 2 4

6 8 10 12
VGE V]

Fig. 12 Typ. transfer characteristic, t, = 80 us; Vce = 20 V

© by SEMIKRON
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SKM 200 GA 123 D...

VGE [V] 1502Qg3.vpo C [nF] 1502C.vpo
20
/ /! 100
18
600V [ 800V lcpuis = 150 A Vee=0V
16 71 =l C f=1MHZ
14
/
12 / / 10 Ciss|
/
10 L / \\\
4 / X \‘\
/ ; \\ T TCoss
6 = \-‘
/ Crss
|
2
0 0.1
0 200 400 600 800 1000 1200 0 10 20 30 40
Qg [nC] Vce V]
Fig. 13 Typ. gate charge characteristic Fig. 14 Typ. capacitances vs.Vce
1502tic.vpo t [ns] 1502trg.vpo
103 104
tdoff —| Tj=125°C T;=125°C
e Ve =600 V 8\l Vce = 600 V
— Vee =+15V Y Y Veem215V
2 ot
| -y Rgon =5,6 Q103 ,,’/ Ilc=150A
T 1 Rooff = 5,6 Q = —|  induct. load
102 4 induct. load e=""H
_"/ -~ tf /—;// tr § |
t S C —
10 10
0 100 200 300 400 - = 4 o
Ic [A] RG [
Fig. 15 Typ. switching times vs. Ic Fig. 16 Typ. switching times vs. gate resistor Rg
200 fag0s P
| / 122 er e o e
F mJ | Vec=600V ]
(A) T, =125°C £
/ 10 | Vee =+ 15V L |1Q
150 1
125| °C 25|°C A 3e
8 / |
/] M
100 6 A, ] 1091—
/ /// el
/ / % / =l I30 J’
50 / // _////
7 e
/ Eofm
0 0
Y 1 2 3 V() 4 pE- e 100 200 A

Fig. 17 Typ. CAL diode forward characteristic

Fig. 18 Diode turn-off energy dissipation per pulse

B6-152
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ZihJc [KW] 1502zth.vpo

| i
iillllhlllllll!IIIIIlllllIIIIIIIllIIIIlIIIlIIIImI

0 A A A

101 10-1

10-2 10-2

10-3 103
Illl-l
I IIlIIHIIIlIIl’|
- IIIIIIIIIIIIlllllIIIIIIIIIIIIIIIIIIIIIIlIIIlIIIIIIl o
105 103 10-1 101 105 103 10-1 101
tls] tisl
Fig. 19 Transient thermal impedance of IGBT Fig. 20 Transient thermal impedance of
Zinuc=f(tp);D=tp/tc=tp- f inverse CAL diodes Zinic =f (fp); D=tp /te=tp - f
m";“” M200GB12.X15-23
A | Veo=600V 2 A S 5] T
I-T; =125°C ?D = -¥‘°‘7:‘1502ch i
Vae=215V | 1 | Vae =215V 4
200 - 200 |-l =150A v
4 /
i 30
A = /
v < Mow——s 4
% ‘L sa | L/
L T~
100 =7 | A 100 100 //
|
— —<—100 a0
) v,
Irn -~ are 27
Inn
0 0
(] Ie 100 200 A 0 dirdt 2000 4000 6000 Alus 8000
Fig. 22 Typ. CAL diode peak reverse recovery Fig. 23 Typ. CAL diode peak reverse recovery
current Ipg = f (Ir,Ra) current lpg = f (dig/dt)
M200GB12.X1.5-24
: S 0
Typlcal Applications B
include RC L1, =125°C
> 5 L Vae =2 15V
Switched mode power supplies Ro=10 —l=
DC servo and robot drives 90 AEE = ?’";
Inverters e i 150A
30 -
DC choppers (versions GAR; GAL) ol A ] / - 113A—
AC motor speed control AT A=
Inductive heating amwd
. . 38A
UPS Uninterruptable power supplies 10 A
General power switching applications
Qn
0

0 dig/dt . 2000 4000 6000 Alus 8000
Fig. 24 Typ. CAL diode recovered charge Qrp=f(di/dt)

© by SEMIKRON 0796 B6-153



SKM 200 GA 123 D..

SEMITRANS 3
Case D 56

UL Recognized
File no. E 63 532

SKM 150 GB 123 D
SKM 200 GB 123 D
SKM 200 GB 123 D1
SKM 200 GB 173 D
SKM 200 GB 173 D1

CASEDS6

EIa

c2
El E2

Dimensions in mm

M6
2.8x0.5
. iog T R
1 | : ’\ivo_
| ol ®
&hs e sl 9
0 : - —
1
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Case outline and circuit diagrams For SKM 200 GA 123 D (SEMITRANS 4) —» B 6 - 168
- This is an electrostatic discharge
Mechanical Data | sensitive device (ESDS).
Symbol |Conditions Values Units | Please observe the international
min. typ_ max. standard IEC 747'1, Chapter 1X.
M1 to heatsink, SI Units (M) 3 i S an Three devices are supplied in one
to heatsink, US Units 27 - 44 Ib.in. SEMIBOX A without mounting hard-
M for terminals. SI Unit M6)| 25 = 5 Nm ware, which can be ordered separa-
. e L UL ws | o | tely underdent No. 33321100
for terminals US Units 22 = .|n2. (for 10 SEMITRANS 3). Larger pack-
a - - 5x9,81 | m/s ing units of 12 and 20 pieces are
L i 325 used if suitable
W g Accessories — B 6 -4.
6) SEMIBOX =~ —C-1.
Freewheeling diode — B 6 - 149, remark 6.
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1. Introduction 2. Features

The insulated gate bipolar transistor (IGBT) is .
increasingly being used in small, low-noise, high-
performance power supplies, inverters, uninter-

ruptable power supplies (UPS), and motor speed

controls.

Various series
Standard series: For up to 10 kHz operation
High-speed series: For up to 40 kHz operation

These series cover the full range of IGBT products.

Fuji’s Hybrid IC driver for IGBTs was developed to

= Built-i ler for high isolati Itage: 2500V
take full advantage of the IGBT. uilt-in photocoupler for high isolation voltage

AC for one minute
» Single supply operation
« Built-in overcurrent protection circuit
» Overcurrent detection output

» SIL package for high-density mounting

3. Applications

+ General-purpose inverter and motor control
» Servo control

< Uninterruptable power supplies (UPS)

+ Welding machines

4. Comprehensive Chart

IGBT 600 V IGBT drive 1200 V IGBT drive

Up to 150A Up to 400A Up to 75A Up to 300A
Standard type EXB850 EXB851 EXB850 EXB851
High-speed type EXB840 EXB841 EXB840 EXB841

Up to 4ps (max.)
Up to 1.5us (max.)

Notes: 1. Standard type: Signal delay in drive circuit;
2. High-speed type: Signal delay in drive circuit;

5. Dimensions, mm

+ EXB850 .
- EXB840 .

EXB851
EXB841
43 MAX.

23 MAX.
i
1
|
26,56 MAX

m— A A A A A AR

Z 05 z
Zl 258 I ’»——— “ E 05
= 10x254=25.40 | 7.62| | 2554 | o3 < 258 03
i ’ 10%2.64=26.40 |7.62| | 254
O) 35.56 @® @ 35.56 ®
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6. Functional Block Diagrams

EXB850, 851 EXB840, 841 Notation common to all EXB series
f ? ? ¢ 5 (? Pin number | Description
. i 6
Overcurrent : Overcurrent I @ Connected to smoothing
protection protection i capacitor for reverse bias
circuit circuit power supply

Power supply (+20 V)

Drive output

For connecting an external
capacitor to protect against
malfunction of the overcur-
rent protection circuit. {The
capacitor is not needed in
most cases.)

®©®

Overcurrent detection output

Collector voltage monitoring

Not connected
Power supply (0 V)
@ Not connected

Drive signal input (-}

RRCEQe@

Drive signal input (+)

7. Ratings and Characteristics

B Absolute maximum ratings (Ta = 25°C)
Item Symbol Condition Rating Unit
EXB850, EXB840 | EXB851, EXB841
(Medium capacity) | {Large capacity)
Supply voltage Vcc 25 \"
Photocoupler input current lin 25 mA
Forward bias output current Igl PW = 2 s, duty at 0.05 or less 1.5 4.0 A
Reverse bias output current 1g2 PW = 2 s, duty at 0.05 or less 1.5 4.0 A
Input/Output isolation voltage VISO AC 50/60 Hz, 1 minute 2500 \
Operating surface temperature Tc -25to +85 e
Storage temperature T stg -25 to +125 C

B Recommended operating conditions

tem Symbol Recommended operating conditions Unit
Standard type High-speed type
EXB850 EXB851 EXB840 EXB841
Supply voltage Vece 201 \Y
Photocoupler input current lin 5 10 mA

page 2
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IGBT-Driving Hybrid ICs (EXB8..-Series)

B Electrical characteristics (Ta = 25°C)

Item Symbol Condition Rating Unit

EXB840, EXB841 EXB850, EXB851

(High speed) (Midium speed)

Min.| Typ.| Max. | Min.| Typ. | Max.
Turn-on time 1 ton Vec=20V, IF=5mA 15 2.0 Hsec
Turn-on time 2 t off Vec=20V, IF=56mA 1.5 4.0 psec
Overcurrent protection voltage Vocp Vec=20V, IF=5mA 8.5 8.5 v
Overcurrent protection delay t ocp Vec=20V, IF=5mA 10 10 pusec
Alarm delay tALM Vecc=20V, IF=5mA 1 1 pusec
Reverse bias power supply voltage| V RB Veec=20V 5 5 =N

Note: EXB851 and EXB850 (medium speed) require IF overdrive shown in the application circuit.

8. Application Circuits

1

EXB850 Application Circuits

EXB850 is a hybrid IC capable of driving up to
150A for a 600V IGBT and up to 75A for a 1200 V
IGBT. Since the signal delay in the drive circuit is
4us or less, the hybrid IC is suitable for switching
at up to about 10 kHz.

Note the following when using the hybrid IC:

The IGBT gate-emitter drive loop wiring must be
shorter than one meter.

The IGBT gate-emitter drive wiring should be
twisted.

If a large voltage spike is generated at the collec-
tor of the IGBT, increase the IGBT’s gate series
resistor (RG).

The 33 pF (#) capacitor absorbs changes in the
supply voltage caused by the power supply
wiring impedance. It is not a power supply filter
capacitor.

Recommended gate resistance and current consumption

Control circuit PC board

ERA34-10 !

=4mA

D:j;eml

*2
TLPSﬁ}n or.
equivalent

4.7 Q12W
Overcurrent detection output

Twisted
< lec
20V Isolated power
supply

oV

*7: Fast recovery diode

*2: Photo coupler

IGBT rating| 600V 10 A 15 A 30A 50 A 75 A 100 A 150 A
1200 V — 8A 15A 25A — 50 A 75 A
RG 250 Q 150 Q 82Q 50 Q 33Q 250 15Q
lcc 5 kHz 24 mA 26 mA
24 mA
10 kHz 25 mA 29 mA
15 kHz 25 mA 27 mA 32 mA

page 3
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2 EXBB851 Application Circuits

EXBB851 is a hybrid IC capable of driving up to
400A for 600 V IGBT and up to 300A for a 1200 V
IGBT. Since the signal delay in the drive circuit is
4us or less, the hybrid IC is suitable for switching
at up to about 10 kHz.

Note the following when using the hybrid IC:

» The IGBT's gate-emitter drive loop wiring must
be shorter than one meter.

» The IGBT's gate-emitter drive wiring should be
twisted.

- If a large voltage spike is generated at the collec-
tor of the IGBT, increase the IGBT’s gate series
resistor(RG).

e The 47 pF (#) capacitor absorbs changes in
the supply voltage caused by the power
supply wiring impedance. It is not a power
supply filter capacitor.

Recommended gate resistance and current consumption

Control circuit

PC board

IGBT-Driving Hybrid ICs (EXB8..-Series)

ERA34-10 7
8 2
——1—hs b i/ IGBT
=>amA £ RG K
3 :I-J
EXB851

1

Twisted

Slcc

20V

Drjve 14 9
srgnai 574 'ﬂuF
% TLP521.2 or
equivalent
4.7k2W

Overcurrent detection output

e 600 V 200 A 300 A 400 A i
rating | 4500 v 200 A 150 A 200A 300 A
RG 120 820 5Q 330
fce 5 kHz 27 mA 29 mA 30 mA 34 mA
10 kHz 31 mA 34 mA 37 mA 44 mA
15 kHz 34 mA 39 mA 44 mA 54 mA

3 EXBB840 Application Circuits

EXB840 is a hybrid IC capable of driving up to
150A for 600 V IGBT and up to 75A for a 1200 V
IGBT. Since the signal delay in the drive circuit is
1us or less, the hybrid IC is suitable for switching
at up to about 40 kHz.

Note the following when using the hybrid IC:

* The IGBT’s gate-emitter drive loop wiring must
be shorter than one meter.

- The IGBT's gate-emitter drive wiring should be
twisted.

 If a large voltage spike is generated at the collec-
tor of the IGBT, increase the IGBT’s gate series
resistor(RG).

» The 33 uF (#) capacitor absorbs changes in the
supply voltage caused by the power supply
wiring impedance. It is not a power supply filter
capacitor.

Control circuit

PC board

}lsgl];tégpmr
ov

*1: Fast recovery diode
*2: Photo coupler

ERA34-10
#33uF
—{3—15 2 IGBT
= 10mA L i
RG
3
EXBS840
1
: " 5 7
Dg;:a ) Vr Twisted
5 4
5 <lec
TLP521 " or — 20V
equivalent } Isolated power
supply
ov
aTkm2W
Overeurrent detection output *1: Fast recovery diode

page 4

*2: Photo coupler



[ELIJT

ELECURIG

Application Manual

Recommended gate resistance and current consumption

IGBT-Driving Hybrid ICs (EXB8..-Series)

IGBT rating| 600V 10A 15A 30A 50 A 75 A 100 A 150 A
1200 V — 8A 15 A 25 A — 50 A 75 A
RG 250 Q 150 Q 820Q 50 Q 33Q 25Q 15 Q
lcc 5 kHz 17 mA 19 mA
17 mA
10 kHz 18 mA 22 mA
15 kHz 18 mA 20 mA 25 mA
EXB841 Application Circuits Control circuit PC board
EXB841 is a hybrid IC capable of driving up to 2
400A for 600 V IGBT and up to 300A for a 1200 V Fagp10
IGBT. Since the signal delay in the drive circuit is
1us or less, the hybrid IC is suitable for switching 1.
at up to about 40 kHz. *—5“7 15 2 -4 | 1687
=
Note the following when using the hybrid IC: 3 Ag K
EXB841"

The IGBT's gate-emitter drive loop wiring must
be shorter than one meter.

The IGBT's gate-emitter drive wiring should be
twisted.

If a large voltage spike is generated at the collec-
tor of the IGBT, increase the IGBT’s gate series
resistor(RG).

The 47 pF (#) capacitor absorbs changes in
the supply voltage caused by the power
supply wiring impedance. It is not a power
supply filter capacitor.

Recommended gate resistance and current consumption

\__I
Twisted

Drive
signal

1 or
eqaglalen(

< lcc

sup

4.7kQV/2W
Overcurrent detection output

T =20V
}Lwla ypowuv
\4

*1: Fast recovery diode
*2: Photo coupler

L 600 V 200 A 300 A 400 A i
rating | 4200 v 200 A 150 A 200 A 300 A
RG 120 820 50 330
e 5 kHz 20mA | 22mA 23 mA 27 mA
10 kHz 24mA | 27mA 30 mA 37 mA
15 kHz 27 mA 2mA | 374mA 47 mA

page 5



=1
ELECURIC IGBT-Driving Hybrid ICs (EXBS..-Series)

Application Manual

9. Operation

1 Outline A
The following built-in functions make the fullest ' [ 6

use of the IGBT.
Overcurrent .
« Signal isolation circuit protection i
 Drive amplifier circuit

» QOvercurrent detector '

- Low speed overcurrent cut-off circuit

» Gate turn-off power supply 15
2 Signal isolation circuit /A l S
A photocoupler with a high isolation voltage is @
used for signal isolation. Therefore, this hybrid
i

IC can be used in devices powered from 480 V
AC.

High-speed or general-purpose photocouplers

are-selected according to the specifications of the ¥
hybrid IC because the drive circuit signal delay

depends on the photocoupler characteristics.

3 Overcurrent detector

The IGBT can withstand an overcurrent of anly

10us duration when short-circuited. An ex-

tremely fast protection circuit is necessary for

this reason. o1

This hybrid IC incorporates an overcurrent
protection circuit. An overcurrent is detected AND
according to the relationship between the drive

signal and the collector voltage.

The principle of overcurrent detection is shown at
the right. An overcurrent is considered present
when the collector voltage is high although an on
signal is inputted.

VcE low VcE high

On signal Normal Overcurrent

Off signal — Normal

Ic
4 Low-speed overcurrent cut-off circuit

A Iow_—speed cut-off circuit slowly turns off the o evere et
IGBT in response to an overcurrent. < “cut-off

When an overcurrent is cut off at normal drive
speed, the collector voltage spike generated is

large enough to damage the IGBT. ic Quick cut-off
for normal state

The low-speed cut-off circuit protects the IGBT
against damage.

(The low-speed cut-off circuit does not operate
for overcurrents of 10 us or less duration.}

page 6
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Gate turn-off power supply

The IGBT needs a +15 V on-gate voltage to get a
low on-voltage and -5 V off-gate voltage to
protect against malfunction in the off state.

This is a built-in circuit which generates a con-
stant-voltage supply from the 20 V supply for
IGBT gate turn-off.

Do not apply external voltage to pin 1.

10. Notes

1

Separation of input circuit from output circuit

Keep the wiring of the input circuit (photocou-
pler) away from the output circuit wiring to
assure that the proper dielectric strength and
high noise resistance are maintained.

Use under recommended operating conditions

The IGBT works best if the recommended operat-
ing conditions driven in Section 7 are observed.

Note that an excessive drive supply voltage could
damage the IGBT due to excess IGBT gate volt-
age, and that an insufficient drive voltage could
abnormally increase the IGBT's ON voltage.

Note that an excessive input current could
increase the signal delay in the drive circuit, and
that an insufficient input current could cause
unstable operation of the drive circuit.

Note that an insufficient gate resistance can
increase the switching noise of the IGBT and
freewheeling diode.

Note the points above where the recommended
operating conditions cannot be observed.

page 7
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11. Operating Waveforms

1 EXB850
Operating conditions
Vee =20V, lin = 4 mA, IGBT module: 2MB150-060

Test circuits

Input-output waveforms S 50A Waveforms at overcurrent
20V 20V
T IGBT oy, T IGBT st
4mA I I amA | ey
O—— Drive v O Drive ]
jl o—— circuit _I_-I_ o—— circuit

/= 8,

Input-Output waveforms Waveforms at overcurrent

OA-

Vce : 100 V/div . 100 A/div, 2us/div

ov-

VGe : 5V/div  Ic : 100 A/div, 2ps/div

page 8
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2 EXB841
Operating conditions
Vee =20V, lin = 10 mA, IGBT module: 2MB150-060

Application Manual

Test circuit
Input-output waveforms &S 50A
i R ey
20V
T IGBT sty
10mA =
—

J—L O—— Drive
o circuit

.

Input-Output waveforms

ov

Vo :

lin : 5 mA/div 5 iv, 2 ps/div

Waveforms at overcurrent are the same as for EXB851.

page 9
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New Gate Driver Hybrid IC for 3rd Generation 1GBT

1. Features
(1) dv/dt capability of opto-coupler is Min. 15KV/us
(2) Spacing between primary pin and secondary pin is 10.16mm

(3) Isolation voltage is 2500Vrms/1 min.

2. Difference from existing type

EXB841 New Driver
dv/dt 5 KV/us 15 KV/us
Delay time 1.5 us 1.5 ps
Opto-coupler TLP550 (TOSHIBA) HPCL4504

Q MAX lOMAX 3 MAX.

r ' -

% i - 1

Pin Arrange |a XV 9z E B T
ment 3 : %

1 fYYYYYYHH TT fYY‘(Y‘HTY H

S I

- '—u‘_t_mxzs‘.ggg 7szlE 2.54 i 5 12 l.‘ l 16.16.1 | ;5 =
® 15.56 |@ @f 35.56 ’@
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Abstract

This paper presents design of a bi-directional
dc-dc converter which can control the direction of power
flow. The direction of power flow is controlled by switch Q1
and Q2. If QI is turn on then a bi-directional converter
operates in buck mode, but it Q2 is tum’on it operate in boost
mode. The output voltage is controlled by adjusting the duty
cycle using pulse width modulation technique. PSIM program
is used to simulate the operation in each conditions for

demonstration a principle and the operation in this project.

Keyword: Bi-directional ' dc-dc  converter, Pulse  Width

Modulation, Duty Cycle
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Hin €C4) -3.33333a
Mg (C4) 13.50568
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Nin (G 395830
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