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5 Pin Configuration and Functions
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5-1. D Package, 8-Pin SOIC (Top View)

%% 5-1. Pin Functions

PIN
DESCRIPTION
NO. NAME TYPE(")

Gate driver positive supply rail. Locally decouple to ground using low ESR and ESL capacitor

1 GVDD P )
located as close to IC as possible.

2 IN | Control input. The IN input is compatible with TTL and CMOS input thresholds.

3 ) | Shutdown control input. The inverting SD input is compatible with TTL and CMOS input
thresholds. When this pin is pulled low, it will turn off both GH and GL outputs.

4 GND G Ground. All signals are referenced to this ground.

5 oL o Low-side gate driver output. Connect to the gate of the low-side MOSFET or one end of
external gate resistor, when used.

6 SH p High-side source connection. Connect to the negative terminal of the bootstrap capacitor and
to the source of the high-side MOSFET.

7 GH o High-side gate driver output. Connect to the gate of the high-side MOSFET or one end of
external gate resistor, when used.
High-side gate driver positive supply rail. Connect the positive terminal of the bootstrap

8 BST P capacitor to BST and the negative terminal of the bootstrap capacitor to SH. The bootstrap
capacitor must be placed as close to IC as possible.

(1) G =Ground, | = Input, O = Output, and P = Power
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6 Specifications

6.1 Absolute Maximum Ratings

Over operating junction temperature range and all voltages are with respect to GND (unless otherwise noted).(!)

MIN MAX UNIT
VevpD Low-side supply voltage -0.3 19.5 \%
Vst to Vsy | High-side supply voltage -0.3 19.5 \%
Vins Vsp Input voltages on IN and SD -0.3 19.5 \%
VaL Output voltage on GL -0.3 GVDD + 0.3 \%
A Output voltage on GH Vsy— 0.3 VgsT + 0.3 \%
Vs Voltage on SH be - % \%
Repetitive pulse < 100 ns(® -19.5 95
Vst Voltage on BST Vsy 107 \%
T, Junction temperature —40 125 °C
Tstg Storage temperature Storage temperature -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.
If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) Values are verified by characterization and are not production tested.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") £1000
V(esp) Electrostatic discharge Charged-device model (CDM), per JEDEC specification +250 v
JESD22-C101@ -
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
Over operating junction temperature range and all voltages are with respect to GND (unless otherwise noted).
MIN NOM MAX UNIT
Vevob Supply voltage 9 12 18 \%
Vins Vsp Input voltage range 0 Vevpp + 0.3 \%
VesT Voltage on BST Vgy+9 105 \%
Vsh Voltage on SH (DC) -1 Vgst — Vevbp \%
Vs Voltage on SH (repetitive pulse < 100 ns)(") -18 Vist — Vavop Vv
SRsn Voltage slew rate on SH 50 Vins
T, Operating junction temperature —-40 125 °C
(1) Values are verified by characterization and are not production tested.
6.4 Thermal Information
LM2104
THERMAL METRIC(") D (SOIC) UNIT
8 PINS
Rgya Junction-to-ambient thermal resistance 133.2 °C/W
RaJcitop) Junction-to-case (top) thermal resistance 75.2 °C/IW
Ress Junction-to-board thermal resistance 76.7 °C/IW
Wyt Junction-to-top characterization parameter 25.5 °C/W
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6.4 Thermal Information (¥ &)

LM2104
THERMAL METRIC(") D (SOIC) UNIT

8 PINS
Wis Junction-to-board characterization parameter 75.9 °C/IW
Reuc(bot) Junction-to-case (bottom) thermal resistance N/A °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report, SPRA953.
6.5 Electrical Characteristics
Vevop = Vest =12V, GND = Vg =0V, No Load on GL or GH, T, = 25°C (unless otherwise noted).
PARAMETER TEST CONDITIONS ‘ MIN TYP MAX UNIT
SUPPLY CURRENTS
lavbp GVDD quiescent current ViIN=Vgp =0V 430 HA
Iopo GVDD operating current f=50kHz, CLoap=0 0.56 mA
IgsT Total BST quiescent current ViIN=Vgp=0V,VDD =12V 150 uA
IssTto Total BST operating current f=50kHz, CLoap =0 0.16 mA
IesTs BST to GND quiescent current Vsy=Vest=95V,GVDD =12V 33.3 A
Issto BST to GND operating current f=50kHz, CLopp =0 0.07 mA
INPUT
VHIT N Input voltage high threshold -40°C to 125°C 1.45 2 \%
VHIT sp Input voltage high threshold -40°C to 125°C 1.45 2 \
VLT N Input voltage low threshold -40°C to 125°C 0.8 1.3 \
Vit sp Input voltage low threshold -40°C to 125°C 0.8 1.3 \
ViHYs_IN Input voltage hysteresis 0.15 \%
ViHys_sp Input voltage hysteresis 0.15 \%
RiN_IN Input pulldown resistance ViNn=3V 200 kQ
Rin_sD Input pulldown resistance Vgp=3V 200 kQ
UNDERVOLTAGE PROTECTION (UVLO)
VGvDDR GVDD rising threshold Vevoor = Vevop - GND, -40°C to 125°C 8.15 8.75 \Y
VGvpDF GVDD falling threshold Vavoor = Vevop - GND, -40°C to 125°C 6.75 7.7 \Y
VGVDDHYS GVDD threshold hysteresis 0.45 \
VBsTR VBST rising threshold VgsTr = VasT - Vgh, -40°C to 125°C 7.6 8.5 \Y
VesTF VBST falling threshold Vpstr = Vast - Vs, -40°C to 125°C 6.25 7.15 Vv
VBSTHYS VBST threshold hysteresis 0.45 \Y
LO GATE DRIVER
VaL L Low level output voltage lgL =100 mA, Vg | = VgL — GND 0.25 \
VGL_H High level output voltage lgL =-100 mA, VgL H = Vevop — VaL 0.8 \
Peak pullup current(”) VgL = 0V 0.5 A
Peak pulldown current(") VgL = 12V 0.8 A
HO GATE DRIVER
VGeH L Low level output voltage Ign = 100 mA, Vgy | = VeH — VsH 0.25 \Y
VGH_H High level output voltage Igh = =100 mA, Vg 1 = VesT— VaH 0.8 \Y
Peak pullup current() Vgh = 0V 0.5 A
Peak pulldown current(") Vgh = 12V 0.8 A
(1) Parameter not tested in production.
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6.6 Switching Characteristics
Vevop = Vest = 12V, GND = Vgy =0V, No Load on GL or GH, T; = 25°C (unless otherwise noted).

PARAMETER TEST CONDITIONS \ MIN TYP MAX|  UNIT
PROPAGATION DELAYS

V|N=0VtO3V, CLOAD=0pF, SD=3
toLRF V) rising to Vg, falling V. Measure time from 50% of the input to 115 ns
90% of the output.

Vin=3Vto0V,Coap=0pF,SD=3
toHFF V) falling to Vgy falling V. Measure time from 50% of the input to 115 ns
90% of the output.

Vin=3VtoO0V, CLOAD=OpF, SD=3
toLFR Vn falling to Vg rising V. Measure time from 50% of the input to 600 ns
10% of the output.

ViNn=0Vto3YV, CLOADzova SD=3
tDHRR V) rising to Vg rising V. Measure time from 50% of the input to 600 ns
10% of the output.

Vgp=3Vto0V,Vn=3V,Coap=0
tspr Vgp falling to output falling pF. Measure time from 50% of the input to 115 ns
90% of the output.

Vgp=0Vto3V,Vn=3V,Coap=0
tspr Vgp rising to output rising pF. Measure time from 50% of the input to 115 ns
10% of the output.

DEADTIME

tor Internal Deadtime 475 ns
OUTPUT RISE AND FALL TIME

tr 6L GL CLoap = 1000 pF, V|\=0-3V, Vgp =3V 28 ns
tR_GH GH Croap = 1000 pF, V|\=0-3V, Vgp =3V 28 ns
tF oL GL CLoap = 1000 pF, V|\=0-3V, Vgp =3V 18 ns
tF GH GH CLoap = 1000 pF, V|\=0-3V, Vgp =3V 18 ns

6.7 Timing Diagrams

SD
T T | |
| | | |
IN | | | |
| | | ]
:' : toHRR : :
ol tor thrrr !
GH I le—"—> :<—> :
T | | |
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> | | —2
GL I ! L
6-1. Timing Definition Diagram
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6-2. Shutdown Timing Diagram
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6.8 Typical Characteristics
Unless otherwise specified, Vgypp = Vest = 12V, GND = Vg =0V, No Load on GL or GH, T, = 25°C.
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6.8 Typical Characteristics (continued)
Unless otherwise specified, Vgypp = Vest = 12V, GND = Vg =0V, No Load on GL or GH, T, = 25°C.
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1.2 /
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=S S 11 —
I 1 I :
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6-9. GL Output High Voltage vs Temperature 6-10. GH Output High Voltage vs Temperature
0.5 0.55
| IgL = 100mA | lgq = 100mA
0.45 0.5
0.4 0.45 =
S e S T
Q 0.35 %. 0.4 -
> ] > L~
0.3 0.35
L~ L
L L
0.25 0.3
| _—1 _—
0.2 0.25
40 256 10 5 20 35 50 65 80 95 110 125 40 -25 -10 5 20 35 50 65 80 95 110 125
Temperature (°C) Temperature (°C)
6-11. GL Output Low Voltage vs Temperature 6-12. GH Output Low Voltage vs Temperature
8.35 Y (V) 05
. — VGvpbRr — VbpHYS
— VgsTR (V) 0.49 —V
8.25 BSTHYS
0.48
2 8.15 T S 0.47
o [
& 8.05 £ 046
o
> 12
- 7.95 = 045
8 $ 044 —
& 7.85 e
> o
0.43
7.75 s
0.42
7.65 0.41
7.55 0.4
-40 -25 -10 5 20 35 50 65 8 95 110 125 40 25 10 5 20 35 50 65 80 95 110 125
Temperature (°C) Temperature (°C)
6-13. GVDD and BST UVLO Thresholds vs Temperature 6-14. GVDD and BST UVLO Hysteresis vs Temperature
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6.8 Typical Characteristics (continued)
Unless otherwise specified, Vgypp = Vest = 12V, GND = Vg =0V, No Load on GL or GH, T, = 25°C.

Input Threshold (V)

1.6 1.8
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155 —— SD High Threshold 17 —— SD High Threshold
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1.4 3 14
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1.25 11
1.2
1
40 -256 10 5 20 35 50 065 80 95 110 125 9 1 13 15 17 18
Temperature (°C) Vevop (V)
B 6-15. Input Voltage Thresholds vs Temperature 6-16. Input Voltage Thresholds vs Supply Voltage
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LM2104 &, EHBERIXBREREILAGIN—T TV YZSOBRICEVTINA YA REO—Y A REHDO N FvX
JLFET 28832 &L 5K5te i, BEES—br: RSANTT, 2 20HDE., INEVICHBEIADE—D
TTIL E#EA D PWM E5 &, SDEVIC#HBEhD TTLE#RS v Y NI EESTEHHEhE T, £/, 5
A LM2104 DR —2 A BRER—2FTOAL Y23 ) REFEEBELTVWBERY ., F/V14 Ak CMOS &
A170OHBESEANELTHERALTERETEEY, 7O0—FT127 NAHA K- RSANE, &K 105V
NHERBSTEETEETEE T, BELLAN. PT7ZNFSETEHEL, HEEHZMA LN S, flEAODY
IBENAHA R =K~ RZANANDV) =D BLRILNLEBEEZBLET, O—YA RENAIY A REHE
NDERL —ILICIEKEERBERH ILBEE (UVLO) AFHEEE N TUVET,

7.2 Functional Block Diagram

. BST
e DRIVER
| LEVEL STAGE oH
SHIFT
GVDD
® SH
UVLO
L
Dead-time
IN block and GVDD
cross } I
conduction
= prever_1tion J \ DRIVER -
logic J STAGE
'sD
GND
7.3 HREDLEA

7.3.1 & & UVLO

NABARELVTO—HY AL RORTANERE., EREE (Vogypp) BLVFT—RNARNZ YT AVFUHERE
(VesTsh) ZER TS UVLO REEK ZHEX TWVWET, UVLO @&k, 5 MOSFET #X—>A> 32 NDIC+
NBEREENBOSNDETEHIEZNEHILET, £, UWLO EATFUI AN MEAIATEFNTVS =, ER
EEZEHEBEOF YRV T ZBLELEST, T/NAAD GVDD EVICEREENNMEND E. Vgypp A UVLO
ALY2a)R(BEERKS) ZBAZDETHAOHEDN Low ILRFEhET, 7—NANZY T AVFUH
@ UVLO IREE (VgsT_sn) PBAE. N1 H 4 REH (GO) D&AAN T a4 —TIEhET,
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3} 7-1. GVDD UVLO A> v U BiE

%Mt (VesT- si > VBsTR) IN SD GH GL
H L L L
/X4 ZEBH, Veyop - GND < Voyoor - i . -
H H L L
L L L L
H L L L
L H L L
FINA REEE#E. Vevop — GND < Vgyppr — VooHys
H H L L
L L L L

% 7-2. BSTUVLO A> Y YV B4k

%H (Vevop > Vevoor) IN SD GH GL

H L L L

/%4 ZRBH. Vesrsh < Vastr L H L H

H H L L

L L L L

H L L L

TINA AREE. Vest.sH < VasTr — VBSTHYS . i - H
H H L L

L L L L

7.3.2 Input Stages

The SD input pin controls the outputs by turning GH and GL off when the SD pin is held low, regardless of the
IN input pin state. When SD pin is held high, the IN pin controls the state of the GL and GH outputs allowing the
device to be used in single PWM input applications. When IN pin is low, GL output will turn on and GH output will
turn off, and when IN pin is high, GL output will turn off and GH output will turn on.

The device has built-in fixed dead time with a typical value of 475 ns. A small filter at each of the inputs of the
driver further improves system robustness in noise-prone applications. Both IN and SD have internal pulldown
resistors with typical value of 200 kQ. Thus, when the inputs are floating, the outputs are held low.

733LXRIJL- 27

LA 7 NERKRIE, GND ZEEELTRESTTHAI /NI YA RADIDNS, R4 Y TF- /— R (SH) 2EEE
FTBINAYA R RZANBANDAVE—TIAATT, LRI 7 NEREEATHE, SHEV ZHEL
T2 CGH HAOOHEAFTREICEY, O—HYA R RZANEDBED—HABELET,

7.3.4 H OB

HAORE., ND— RLAVAD/NT— MOSFETADA U R—TIA AT, FOHEITEVAIL—L—
A BVWEHR.,. aVWE—VEREDIEZHEL TV, /N\J— MOSFET O#MENBAALYF >IN AT
T, O—H4M REHERIEGND Z2EEEL, NMHARIFSHEEEELELET,

735052 R&Y)EV SHIBEEE

FEAEDOTTVS—2a> Tk, ASO—HY 4 K- /NT— MOSFET ORFT A+ XA A —RHAN SH /—R%&EY
SURICOSVTULET, BERICE 2T, EROBEEA VA VR AICEALT, SH/—RAFTS2 R&
B VEVEEETEENICRAA I THAEEN BV, ABO—H 4 R MOSFET ORT 1 - A4 F— RN
CDRAVIT RISV TIDONBILEDLBVIEEHYET, LM2104 D SHEV ZFEATI &, HEICER
LBEVRY, £t a>THRELEXRGICHKSRY, IS5V RETESDMEETAAI I TEET,

SHIFEIZGH KYEVEMICTAIHBEN HVWET, GH ZHREDORLELWEAICTDE, BERSUIDAERN
TOT47I2%), BSTERHNSBREBERNIRTNT., TNAANBEETH UMDl HVYET, GL & GND
DWTERAIUBEENF &YET, BDEICISLUT, GH E SH OB, £4F GL & GND 0TIy hF—- A
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AFA—REABIIRETZCEICLY, COBOBERRANSTNARAERETEET, 1 F—REZFHI
TREHIC, FTNAAODEVDOTERLEFESICAAF—REREITIHLENF HVUET,

T—Kh- RSAN FNARAZBYICEESESICE. BSTHS SHA, 8KV GVDD 'S GND NN 1K
ESRNANAR AVFUYNVBAETT, BEVNAVZ IR AZRDPRICHNAZ S, AFoHRETFNAAD
J—REFAICEETDIVEN HVYET, GLEGCGH ASOE—TEREL B KELBZYET, NA/NA- OV
FUOHEBHNA A VR AR, FNAAD—RIZEEVF T 2G| ERCTED, EEEOEVEMESR
EBHIDICEFE, CcOVF T ERARBRTILENHYET,

7.4 TINA ADBET— K

COFNAAE, BEE—RBLTUVLO E—RTEHELET, UVLO OEIMEE— ROFMICOVTIRE, &5
23> 731 #8RBLTLKEEV, BET—RTI. Vovop & Vest_su A UVLO AL Y>3 )LRELEE> TV
B4, HAREINESDEY OREICEKEFELET, AHLRENF 7O0-FT10 T DEE., HHIGH BKV GL
& Low IV ET,

£R73.BET—REBETOAHIOAD YD

SD IN GH® GL @
L L L L
L H L L
H L L H
H H H L
0571429 7051429 L L
(1) GHIxSHZE%ELLTHEENET,
(2) GLIEGND ZEE: L THEENET,
8TF7Ur—>a e
e

RFOTF770T5—23 2088, 7FHR AVAVIXDY ORBHRICEEFNDEOTREEL,
THFHRA AVAIYNMADYRBZTOERMEETEMERIAVELTEA, B2OBNICNIZHAD
BEMICOVTR., BEROBEETHIML TVWEESZELRYET, £z, SEREBAFORFE
RERIALTARTBZZET, DATLADKBEZHEITDILENHYET,

8ATF7VUr—>a ER

IND— MOSFET 28VWAA Y FUIEARRTEEC D ELEEIC, BMETDIRMNYFUOITBRERR TSI
i, A O—Z0 PWM HAE, NDO—XEBHEFNA AT —NEDOBEICHADBT —K RSANEH
BALEY, £k, PWM IV NA—SHFARAYFY FNAADT—NZ2EEREHTEZVEES, —b~-
RSANHAFARTT, FORILEROEFIZHE>T, TR O NO—FH50 PWM E5REZ2< N5
&, 33VoO vy oESTHY., NJ— RAVYFEERBICE—VFDTEBZLVOT, CORAFKIHKEL
F9, NDV— FNAAREREILEA—2F L, BEEAZHKIDRICHASZICE, 33VOESES—NEHE
E(12VEBE)EXTRETRZEHOLARIL: ST NEBHFYBETT, h—TALKR—)LEE®D NPN/PNP /N1 KR—
S NSUDARER—ALTBIREXRONY 77REERKE, LRI ST RMENFZVOT, FORILER
CBVTRFTDTHZEN DA 2TVET, '— b RTANEK, LRI 7 NgEE /Ny 7 7 REH#
BEOMAZMRNICEHAEDETVET, £, ¥—h RTANE, ND— AAMYFOELICEETS
ET, BABAAMYTF VT JAXOEEEZRPRIZHWADZENTEET, &8I, F'— - RTANEY
— BB NS RAEEREL, 7O0—FT129 NO— FNAADT —KNEZHHP IR N TED LD, 5—
RERODEIBERERTANCBEHESEZ LT, IVNAO—SOHBEHERAN L AZERTEET,
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82 RKWETF IV r—3>

VIN

Secondary
Side Circuit

D
VCC l_ RBOOT BOOT
Anti-parallel Diode
(Optional)
PWM | BST Reate
Controller VDD | GVDD GH
I
I T CgooT
ouT1 | ﬂ- IN SH | —e
I LM2104 — 4
I _ Reare
ouT2 [ SD GL
I
| Cvop /~
- GND

=k
—]

™

l;—‘ } |
|
Y ¢

)

Al

Al

v

8-1.LM2104 \—77 Vv - Q2 /)N\—AX 0D MOSFET E&
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8.2.1 G EH
+& 8-1 12, LM2104 OFRET/NFAXA—2D—EZRLET,
+ 8-1. 5&514
NTAX—4 &
F—k RSA4N LM2104
MOSFET CSD19534KCS
Vbb 12V
Qg 17nC
fsw 50kHz
8.2.2 BB RRETFIE

8221 7—AXNSYTHLF GVYDD > 7> HDiER
BEOEETIE., 7—NARS YT OAUF Y, Vastsy BE%Z UVLO ALY I R&YEBLHMET
BDRENHYET, 7—NARNTY T OAVFUOHORBAFAROY S X1 THELET,

A Vst = Vgvpp — VpH — VesTL = 12V — 1V — 8.05V = 2.95V 1

T

. VGVDD = ’T_ I\EZEJ ICDEFREE

s Vpu=7—KRARSYT - RALAA—ROIEFEEBERT
* Vgt =BST FEEAL ¥ 3)L R (Vestr(max) - VBSTHYS)

BRELT, RAVFUU HAVIINIZEIHEBRERER, X2/ SHEEETNET,

Dmax , IBST 0.95  150pA
QroTAaL = Qg + IgsTs X fow + Tow = 17nC + 33.3pA X S0kiz T SOKHZ — 20nC (2)

T,

Qg = MOSFET O#% — NER &

lgsts = BST 'S VSS AD U — Y BEif

Dyax = AV N—BOBKATF1—T1- $4U)
IBST =BST E?Jt“)?ﬁ

R, R3EZFALT, 7—RARNSY S OVFOHOBMEEHELET,

_ QroTAL _ 20nC _
CBOOT (MIN) = AVger — Z95v — 0-80F (3)

EERIZE, BEBECL > TEIBRINILAZAF YT TEDKRSIC, Cpoot AV TV HDEZFTEER) KE
KTRUENFHNVET, R4, BEOT VT —2 3V ICRHBRERT—NARNSYTERVYTIIICED
WT, R —NARNS Y TREBZHEETHLEOICEATEET,

QTOTAL
C > 4
BOOT ~ "AVRsT RIPPLE (4)

CCT,
® AVBST_RIPPLE = “DX?‘AE#L’.E’J</\'{/\°7\ 3)7")#&27&‘/)‘%%?(??@%&%?

FEHRA AVAYNADY TR, +9BIX—2028 KL, 7—NARNS YT OAVFoHE BSTE L
SHE O TEDFTESICREBTRDCE2HELET,

CBOOT =100nF (5)
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Z_T—t 6 L:/-_I__\?J\’B‘l:\ JEE'JJ&: L/_C\ D_jJ)L VGVDD /\4/\"7\ :I‘/i"/"ﬂ; CBOOT O)ﬂE(D 10 %J«XJ:'CKH#’L@
BYEEA

Cevop = 1UF (6)

T—RNARNZY T AVFOHBRONAT A AF oY@, XIRBEAOESIVY: B4 T THIHE
NHYVET, FTNAARAIZCDC NATAEEN DD 2 IEBEOREFETZZZELT. RENECGEEYEZERT
BEHIC, %EE%@%* VGVDD n2 ﬁ.:z-("’; (.‘H’L(it.ﬂ) Tt A,

8.2.2.2 HZor—h, - RS1/VHELHDIER

AET—K- RSANER Reate . FEAVEFIZVAB LUV FTEREBIC L > TEEREThD U F T
ZHHL, AECT—N RSANDPSHAThDIEREFIRITDELSICEREETNATVET,

E—2 GH LT Y 7ERIEE., X7 THEEhET,

I _ VGvpD — VDH )
GHH = RGHH + RGATE + RGFET_INT

CcCT

IGHH =GHE—7- 7°)|/7 v 7‘,%%{

VDH = 7_ |\Z I\i v 7° ’5«"(7]'— I\@l"ﬁ)’:‘ﬁ'ﬂ%&ﬁ%?

RGHH =TARNZKHELSHELES—F RZANORAZ GH 7°)L7‘y 7"?&% (RGHH = VGH_H / IGH)
RGATE = 9}\%'317— hﬂﬁjﬁﬁ

RGFET INT = MOSFET WEBIT_ F?EET' (|‘5>:/‘7\9 0)5'—9:/— I\Eﬁﬂﬁ)

E#&IC, E—=OV GH IR I ER%ZE X8 ICRLET,

S VGvpD ~ VDH ®)
GHL = RGHL, + RGATE * RGFET_INT

T
. RGHL= GH 70)119"7\/?&#
E—2 GL7ILTYTERE R9ICRLET,

S VGvDD (9)
GLH = RGLH + RGATE + RGFET_INT

CCT
+ Rglu=GL 77 v 7R
E—OGL7IINAT ERZE R10ICRLET,

S VGvpD (10)
GLL = RGLL + RGATE * RGFET_INT

CCT
. RGLL =GL 70)119"7\/*&%1

MRRICK2TR., FTVT—2a>TEREBR—VA TN BELRFE, Roae PEXFA A F—REFEHL TH
W — NBBIRRZENA/NAL, 23—V F 7 BB ZRE(LTEET,

8223 RZ1/VDOBHE4.DHKT
RSANIC DHBEEENF. UTOBRERNSHETEXT,
1. BIEER Igvpp & lpsT IC KD BNBENEBKXPc Z X M ICRLET,
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Pac = Vevop * levop + (VGVDD —VF) x lggT = 12V % 0.43mA + (12V - 1V) x 0.15mA = 6.8mW (11)

2. NMMYAR- U_7%ﬁ IBSTS ICRkBDLAXI- :/791’595 PIBSTS z :_l'—t 12 ‘:-__/_-.I_\L/i?o
Pissts = Vst ¥ Igsts X D =72V x 0.033mA x 0.95 = 2.26mW (12)
CCT,

s DRNAYAR RA4AYFOF1—T14- Y14UILTY,
3. FET7—hEBREE Qg ICLDBHEX Pogigr Z X 13 ICRLET,

_ RGD_R _ 5.250Q
PQGl&Z =2X VGVDD X QG X fSW X RGD_R+ RGATE T RGFET_]NT = 2X 12V x 17nC x 50kHz x 5250+ 4.70 F 2.20 (13)
= 8.8mW
CC T,

Qe = FET O#% — NBH R
fSW =AY FUTRABRK

Rep r= 7T Y 7H LB TILE T BT O FEE
Reate = SNERT" — RERBY K

RGFET_INT = N FET ' — NKin

4. BARAYTFUT YA OILCEVWTREBLARIL: PTEOREBILLDNAHFA R R4V FUIROD, L
R T2OBNERP s ZRLET. COBITRE, X 14ICRTLIIC, FLEERT Qp NIEA 25nC T
HBDERELET,

PLs = Vgst X Qp X fgy = 72V x 2.5nC x 50kHz = 9mW (14)

COPITIE, IXNTOELXZERFTDE., '—b RSANOBEBKXE, 27TmW IZBYWET, T—RAKNT Y
T BAF—REZEECT—F RTANDEE, 7—NARNTY T FAA—ROBAXEHETIHEN BV
F9. FAMA—ROIEFEEFEEKLE, FHIESFAEERTEFEESRAERNBEE L THEELET,

K15, BEASKEARBELCHLT, FNA ADBRARHFBRENRBREZHRETSDENTT,

T]—TA

Ppmax = Reja (15)

T,

Puax=7— K- KSA/% FNA ATHEE N2 BIHRED

T, = BAIRE

Ta= BERE

Rosa = BAEA S BEA O RIEH
KSA/5 Ny rF—SORBEERE, F—2>—h0 TREBTHHER ORCFEHShTVET, &
CET S OROFMI VTR, THFFR AVAVIAYY ) TEEES LT IC /1Y 7 — O REHE
BE, TT7US—YaY J—REBBLTLEZ,
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8.2.3 Application Curves

8-2 shows the GL fall time and GH rise time as well as the propagation delays for both GL and GH when the
input IN transitions from low to high. Likewise, & 8-3 shows the GL rise time and GH fall time as well as the
propagation delays for both GL and GH when the input IN transitions from high to low. Each channel (IN, SD,
GH, and GL) is labeled and displayed on the left hand of the waveforms.

The testing condition: load capacitance is 1 nF, gate resistor is 4 Q, Vpp = 12V, fgw = 50 kHz.

A oy
B0 . Biso | i
4 \ -
B TN smsimps msicn i - : 1 H{n V
5L RFL
[ED{GH s oyl o o B - . BYGH - - - . . M I —
8 N 100y o g ot 8 @ 1oy | Sopoms v
Yalue Mear Min Max Std Dey Walue Mean Min Max Std Dev 1
’_ € rall Time 16.26ns 15.65n 13.63 19.06n 755.7p '_
& Rise Time 28.32ns 28.%0n 27.09n 31.06n 2.056n
8-+ 124.1ns 124.6n 124.1n 125.2n 550.8p [ 3 BT 2 3. 596, 1ns 598,30 500,90 604,50 2.458n
[ 3 B2 4 YR 605,005 607.7n 605.0n 609.5n 2.369n J -6 - 119.6ns 120.9n 118.2n 122.4n 792.6p
CL=1nF Rg=4Q | Vop=12V  few =50 kHz CL=1nF Rg=4Q | Vop=12V  fow =50 kHz
8-2. GL Fall Time, GH Rise Time and 8-3. GL Rise Time, GH Fall Time and
Propagation Delays Propagation Delays

9 Power Supply Recommendations

The recommended bias supply voltage range for LM2104 is from 9 V to 18 V. The lower end of this range is
governed by the internal undervoltage lockout (UVLO) protection feature of the Vgypp supply circuit blocks. The
upper end of this range is driven by the 18-V recommended maximum voltage rating of the GVDD pin. It is
recommened that the voltage on GVDD pin is lower than the maximum recommended voltage to account for
transient voltage spikes.

The UVLO protection feature also involves a hysteresis function. This means that once the device is operating
in normal mode, if the Vgypp voltage drops, the device continues to operate in normal mode as long as the
voltage drop does not exceed the hysteresis specification, Vppnys. If the voltage drop is more than hysteresis
specification, the device shuts down. Therefore, while operating at or near the 9-V range, the voltage ripple on
the auxiliary power supply output must be smaller than the hysteresis specification of LM2104 to avoid triggering
device-shutdown.

A local bypass capacitor must be placed between the GVDD and GND pins and this capacitor must be
located as close to the device as possible. A low-ESR, ceramic surface mount capacitor is recommended. Tl
recommends using two capacitors across GVDD and GND: a low capacitance ceramic surface-mount capacitor
for high-frequency filtering placed very close to GVDD and GND pins, and another high capacitance value
surface-mount capacitor for IC bias requirements. In a similar manner, the current pulses delivered by the GH
pin are sourced from the BST pin. Therefore, a local decoupling capacitor is recommended between the BST
and SH pins.
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10LATF7OR

101 LAF7IONDAARZA2>

N=TTVYZ F—hr RTANOMEZHEELTZICE. BREROLATINETDICEBTIZEN
HYVERT, ATORANEETY,

1. EESROAVFUHB LK ESL AV F oY %2 GVDDEE GNDE DB, 8L BSTEE SHEY
DETIC DL ICEEFHL T, S8 MOSFET O R —>F>BC GVDD & BST A 55|&HEhad kEWVE
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
LM2104DR Active Production SOIC (D) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 L2104D
LM2104DR.A Active Production SOIC (D) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 L2104D

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl 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. TI 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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
L@l e )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
LM2104DR SolIC D 8 3000 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

LM2104DR SOIC D 8 3000 353.0 353.0 32.0

Pack Materials-Page 2



PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

(G200 w N
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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