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(Core Geometry:kg)

(Pcu) Kg
Kg
() =9A
RMS (Imb) = 8.66 A
(BJ-025T
(k) =
(Pcu)
Kg (L)=15
(P = 72X108dm )
("L gkl.L.IL)
Ke=47 jk.BIPC)
Kg = 1.88 X103 mm5
.
Kg = t
{
Kg EI30( Kg.ED= 6.30x103 mm5)

= 67494 cmil, =110.25 mm2,t= 66 mm
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AW:J
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#AWG 14 ( 208 )
(air gap:lg)
lg=Ar ' =0.2309
0 (Permeability) = 47 x10, H/m
L
Kg (L) = 10 iH
(p =17X10, )
(i../7)(i.L .o
Kg=4.p
Kg = 0.835 X10: mms
Kg El 30
(Kgewo = 6.3 X10. mm5) = 67494 cmil . = 110.25 mm. 1=, mm
()
N=L
bl-S
3.26 N=4



poe
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#AWGL4 (

(air gap:lg)

lg=N2

2.08 mm2)

=0.2216 mm
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HIP4081A

80V/2.5A Peak, High Frequency
Full Bridge FET Driver

% SEMICONDUCTOR

November 1996

Features

+ Independently Drives 4 N-Channel FET  Half Bridge
or Full Bridgé Configurations

* Bootstrap Supply Max Voltage to 95VDC

+ Drives 1000pF Load at IMHz ~ Free Airat 50°C with
Rise and Fail Times of Typically 10 3

+ User-Programmable Dead Time

* On-Chip Charge-Pump and Bootstrap Upper Bias
Supplies

* DIS (Disahle) Overrides Input Control

* Input Logic Thresholds Compatible with 5V to 15V
Logic Levels

* Very Low Power Consumption
« Undervoltage Protection

Applications

- Medium/Large Voice Coll Motors
« Full Bridge Power Supplies

* Class D Audio Power Amplifiers
* High Performance Motor Controls
* Noise Cancellation Systems
Battery Powered Vehicles

* Peripherals

« UPS.

Pinout
HIP4081A (PDIP, SOIC)
TOP VIEW

Description

The HIP4081A is a high_ frequency, medium voltage Full
Bridge N-Channel FET driver IC, available 20 lead plastic
SOIC and DIP packages. The HIP408VA can drive every
possible switch™ combination except those which would
cause a shoot-through condition. The HIP4081A can switch
at frequencies up to TMHz and is well suited to driving Voice
Coil Motors, high-frequency Class D audio amplifiefs, and
power supplies.

For example, the HIP4081A can drive medium voltage brush
motors, and two HIP408LAS can be used to drive Righ per-
formance stepper motors, since the short minimum ‘on-time'
can provide fine micro-stepping capability.

Short Inropagatlon delays of approximately 55ns, maximizes
control logp™ crossover” frequencies and dead-times which
can be adjusted to near zero to minimize distortion, resulting
in rapid, precise control of the driven load.

Asimilar part, the HIP4080A, includes an on-chip input com-
parator to create a PWM signal from an_external triangle
wave and to facilitate ‘hysteresis mode' switching.

The Application Note for the HIP4081A is the AN9405.
Ordering Information

PART TEMP RANGE
NUMBER fC) PACKAGE PKG. NO.
HIP4081AIP -40 t0 85 20 Ld PDIP E203
HIP408tAIB -40 10 85 20LdSOIC( ) M203

Application Block Diagram

aov

BHB [7 20] BHO 12v o _zl_
BHI [7 70] BHS
DIS 17 T7] BLO BHO | r
\BlT BLs BHS
0A
BU [7 ] V[X) =1 BHI BLO Loao
AU [7 I vee —8u
p— L —
AHl 7 is ALs HIP4081A ::_ _::‘j
HDEL [7 1 ALO — au ALO
LDEL [7 AHS — Ant AHS
AHB [TO ] aho AHO
GND GND

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.

Copyright () Hards Corporation 1996

File Number s6s9 5



HIP4081A

Functional Block Diagram (12 HIP4081A)

v%'gfge CHARGE LEVEL SHIFT
PUMP AND LATCH

|

Al

=] Hu
P

A Dss

~ Cas

| HIGH VOLTAGE BUS s 80Vpe

TO Vpo (PIN 16)

| +12Vpc
= BIAS
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vy

AAA
Yy

AAA
4

DRIVER ALG ’
TURN-ON t
DELAY L o
ALS T™=
m
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Gt
53 0
Typical Application (PWM Mode Switching)
80V
|
1ld j
o e
L []ems 8o [B}
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ois ——{3] oIS é BLO [ia} i
{d]v BLs [17}
o _ Ceiug
INP = 2
ot z Vec [15}—4 12V —=
; AP 7] A1l = ALs [13]}
[e]HoEL  ALO [i3}
' [5] 12}
19 12}
e i
L
e

& AA-
GND

TO OPTIONAL < o
CURRENT CONTROLLER N

AA

AA
AAAS

6 GND



HIP4031A

Absolute Maximum Ratings Thermal Information

Supply Voltaﬂe, Vag AN VCC.orrrenermrsse -0.3Vto 16V Thermal Resistance (Typical, Note 1) MC/\N)
LO%IC /O VOMtAGES .ot -0.3V 10 VDD +0.3V SOl PACKAGE o vvsvvssrsrssmssrsssmssssses 85

Voltage on AHS, BHS _ -6.0V (Transient) to 80V (25° to 125°C DIP Package........... 1
Voltage on AHS, BHS™™ -6.0V (Transient) to 70V (-55°¢ to 125°C)  Storage Temperature Range........ -65° to 150°C
Voltage on ALS, BLS........... 2.0V (TranSIentg to +20V (Transient)  Operating Max. Junction Tem PErature...........mween 15°¢
Voltage on AHB, BHB............... vans, BHS ‘0-3V 10 vans,BHs +vaa  Lead Temperature (Soldering 105)) 1o 300°c
Voltage on ALO, BLO VALS. s1s 0.3V 1o Ve +0-3v (For SOFC - Lead Tips Ong/

Voltage on AHO, BHO............. Vahs, BHS "3-3V t0 vann, B-B +0*3V

Input Current, HDEL and LDEL ..o -5mA to OmA

PRASE SIEW RALE v 20V/ns

NOTE: Al Voltages relative to VSS, unless otherwise specified.

CAUTION: Stressas above those listed "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 the operational sections of this specification is not implied.

NOTE:
1. WA Is measured with the component mounted on an evaluation PC board  free air.

Operating Conditions

Supply VoIta%e, vaq and VCC +9.5V t0 +15V  Input Current, HDEL and LDEL.........cccovvsvsrsrrrns -500pA to -50pA
Voltage on ALS. BLS ... s -1.0V to+1.0V ~ Operating Ambient Temperature RaNge ... -40°c t0 85°c
Voltage on AHB. BHB........ocrmvre Vahs.bhs OV 1 vans.BHs +15V

Electrical Specifications Vaq 3 VCQ3 Vanb 3vBnb 3 12V, VS5 3 Vais 3 VaLs 3Vans 3 Vbhs 3 ov, Rhoel * ~LDEL * 100K and
Taa 25°c, Unless Otherwise Specified

_ Tjs =40°
Tj —25°c TO 125°c
PARAMETER SYMBOL TEST CONDITIONS MN TYP MAX MN MAX UNITS
SUPPLY CURRENTS AND CHARGE PUMPS
vaa Quiescent Current o Al inputs 3o/ 85 105 145 75 145 mA
vaq Operating Current 1 00 Outputs switching f 3 500kHz 95 125 155 &5 155 mA
VCC Quiescent Current Ice Al Inputs 1 OV, IALO= 1BLO® 0 - 0w -2 pA
VICC Operating Current foco - 500kHz. No Load 1 i 20 08 3 mA
AHB. BHB Quiescent Current = «ahp*Iohb W ts 3 OV, lo3 Bo3 3 50 0 <300 4l 60 -10 pA
Qpump Output Current g 1 Vahb 3 Vbhb 3 10V
AHB. BHB Operating Current  Unpo. 'bhbo T3 500kHz. No Load 06 12 15 05 19 mA
AHS. BHS, AHB. BHB Leakage nik Va3 vasl 8 - 002 10 e 10 pA
Current Vahb 3 Vbhb 3 93V
AHB-AHS, BHB-BHS Qpump  vaBrvas b8 3 B 3 3o Load 115 126 140 105 45 V
Output Voltage Vbhb'Vbhs
INPUT PINS: ALI, BLI, AHI, BHI, AND DIS
Low Level Input Voltage VL Full Operating Conditions - - 10 - 08 Vv
High Level Input Voltage VH Full Operating Conditions 25 - - 21 - v
Input Voltage Hysteresis - 35 - - - mv
Low Level Input Current m V|N3(N, Full Operating Conditions  -130  -100 -75 -135 65  pA
High Level Input Current I VIN3 5V, Full Operating CondiUons 1 - Hoo10 0 pA
TURN-ON DELAY PINS: LDEL AND HDEL
LDEL, HDEL Voltage VHDB  VLDEL ~voer 3 "DEL 3 -100pA 49 51 53 lag 54| v
GATE DRIVER OUTPUT PINS: ALO, BLO, AHO, AND BHO
Low Level Output Voltage VOL wue 3 100MA 07 08 10 05 11 v
High Level Output Voltage Vac®OH  lgat 3 -100mA 08 095 11 05 12 v
Peak Pullup Current o+ VouT-0v 726 38 14 4 A
Peak Pulldown Current o' WUr-12v 17 24 33 13 36 A



HIP4081A

Electrical Specifications VD0 =vec VAH) = VBH) = 12V, vss =VALSa VOLS = WHja VOHS a ov, Rhdel 3 "LDEL 3 100K and
TAa25°c, Unless Otherwise Specified (Continued)

) is =-40°C
T) =25°¢ TO 125°c
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX MIN MAX UNlTS
Undervoltage, Rising Threshold Uv+ 81 88 94 80 es Vv
Undervoltage, Falling Threshold uv- 76 83 89 75 90 v
Undervoltage, Hysteresis HYS 025 04 065 02 07 v
Switching Specifications  VDDavcc a Vano aVero alV, Vss aVas aVBLSaV"g aVBH aov, Rhdel s "LDEL 3
CL- 1000pF.
Tis =-40°C
Ty=25° TO 125°
PARAMETER SYMBOL TEST CONDITIONS ~ MIN  TYP MAX MIN MAX UNITS

Lower Turn-off Propagation Dela TIFH - 30 60 - 80 ns
(ALI-ALO, BLI-BLO@ ! y
Upper Tum-off Propagation Dela Thohl i 3B 70 ~ 9 ns
(RREAHO, BHIBHO) y y
Lower Tum-on Propagation Dela " |H  RMCAL- RLOEL. 10k N I (] ~ % ns
(ALIALO, BLI-BLO% ! y M- A
Upper Tum-on Propagation Dela houi hdel - rloel* 10K - 60 % o 1IC ns
(RREAHO, BHFBHO) / iy SR
Rise Time T, - 5 - B 0
Fail Time Tf . 0 2 _ 3% ns
Tum-on Input Pulse Width TOWiN-ON  rmdel - rloel - -ox 50 - - 50 . ns
Tum-off Input Pulse width TOWiN-OFF  rhoel” rloel- 10K 40 ] || ns
Tum-on Qutput Pulse Width Tpweirr-on  RHDEL 3 ALDEL 3 10K 40 . o4 . ns
Tum-off Output Pulse Width TOWOUT-OFF  rmoel -~ redel - 10K 30 . -0 ns
Disable Tum-off Propagation Dela disl : 45 75 - % ns
(DIS.LowerOutputsp)g Y We
Disable Tum-off Propagation Delay T qishigh - 5 85 * 105 ns
(DIS - Upper Outputs)
Disable to Lower Tum-on Propagation Delay cdipth - 40 70 . 90 ns

(DIS - ALO and BLO)

Refresh Pulse Width (ALO and BLO) 240 410 550 200 600 ns

Tref-pw
Disable to Upper Enable (DIS - AHO and BHO) cuen - 450 620 . 650 ns
TRUTH TABLE
INPUT OUTPUT
ALl BLI AHI, BHI Uv DIS ALO, BLO AHO, BHO
X X X 1 0 0
1 X 0 0 1 0
0 1 0 0 0 1
0 0 0 0 0 0
X X 1 X 0 0

NOTE: X signifies that input can be either a “1" or m .



Pin Descriptions
PIN
NUMBER ~ SYMBOL
1 BHB
2 BHI
3 DIS
4 VSS
5 BLI
6 ALl
7 AHI
8 HDEL
9 LDEL
10 AHB
u AHO
12 AHS
13 ALO
14 ALS
15 Ve
16 Vao
i BLS
18 BLO
19 BHS
20 BHO

HIP4081A

DESCRIPTION

B High-side Bootstrap supply. External hootstrap diode and capacitor are required. Connect cathode of hoot-
st_ra[) diode and positive side of bootstrai) capaator to this pin. Internai chargie pump supplies 30pA out of this
pin to maintain bootstrap supply. Internal circuitry damps the bootstrap supply to approximately 12.8V.

B_Hi?h-sid_e Input Logic level Input that controls BHO driver (Pin 20). BLI (Pin 5) high level Input overrides BHI
high Tevel input to ﬁrevenl hail-bridge shoot-,throu?h,see Truth Table. DIS (Pin 3) high level input overrides BHI
hl%h level Input. T ei)m can be dnven by signal levels of ov to 15V (no greater than VDD). An internal 100pA
pull-up to Vgo will hold BHI high, so no conriection is required if high-side and low-side outputs are to be con-
trolled by the low-side input.

Disable input Logic level input that when taxen higg sets all four outputs low. DIS high overrides all other inputs.
When DIS Is taken low the outputs are controlled &lthe other inputs, The pin can De driven by signal levels of
ov t0 15V (no greater than Vigg). An internal 100pA pull-up to Vao will hold DIS high if this piri is ot driven.

Chip negative supply, generally will be ground.

B Low-side Input. Logic level inﬁutthatcont'ols BLO driver (Pin 18). IfBHI (Pin 2) is driven high or net connected
externally then BLI controls both BLO and BHO drivers, with dead time set by delay currents at HDEL and LDEL
(Pin 8 and 9). DIS (Pin 3) high level input overrides BLI h|?h level input, The é)m can be_driven by signal levels
of OV'to 15V (no greater than Vqa). An internal 100pA pull-up to Vgo will hold BLI high if this pin'is not driven.

ALow-side Input Logic level inﬁut that controls ALO driver (Pin 13). If AHI (Pin 7) is driven high or not connected
externally then ALI controls both ALO and AHO drivers, with dead time set by delay currents at HDEL and LDEL
(Pin 8 and 9). DIS (Pin 3) high level input overrides ALl hl?h level input, The é)ln can be driven by signal levels
of OV'to 15V (no greater than Vqo). An internal 200pA pull-up to Vigo will hold ALI high if this pin’is ot driven.

A Hi?h-side Input Logic level Input that controls AHO driver (Pin 11). ALI (Pin e high level input overrides AHI
high Tevel input to prevent half-bridge shoct-}hrou?h, see Truth Tablé. DIS (Pin 3) high level Input overrides AHI
hl%h level Input. The Fm can be driven by signal levels of ov to 15V (no greater than Vo). An Internal 100pA
Fu [-up to Vo will hold AHI high, so no connection is required if high-side and low-side outputs are to be con-
rolled by the low-side input.

High-side turn-on DELay. Connect resistor from this pin to VSS to set,timinq current that defines the tumn-on de-
lay of both hlgh-s.Je drivers. The low-side drivers turn-off with no adjustable delay, so the HDEL resistor guar-
antees no shoot-through by delaying the turn-on of the high-side drivers. "HDEL reference voltage Is
approximately 5.1V.

Low-side turn-on DELay. Connect resistor from this pin to v ss to set timing current that defines the tum-on delay
of both low-side drivers. The hlﬁh-mde drivers turn-off with no adjustable delay, so the LDEL resistor guarantees
no shoot-through by delaying the turn-on of the low-side drivers. LDEL referénce voltage Is approximately 5.1V.

A High-side Bootstrap supply. External bootstrap diode and.caﬁ)acitor are required. Connect cathode of boot-
strap diode and positive side of bootstrai) capacitor to this pin. Internal char(fe pump supplies 30nA out of this
pin to maintain hootstrap supply. Internal circuitry clamps the bootstrap supply to approximately 12.8V.

AHigh-side Output. Connect to gate of A High-side power MOSFET.

AHigh-side Source connection. Connect to source of A High-side power MOSFET. Connect negative side of
hootstrap capacitor to this pin.

A Low-side Output. Connect to gate of A Low-side power MOSFET.

A Low-side Source connection. Connect to source of A Low-side power MOSFET.

(Fj{osélive supply to gate drivers. Must be same potential as Vao (Pin 16). Connect to anodes of two bootstrap
iodes.

Positive supply to lower gate drivers. Must be same potential as v cc (Pin 15). De-couple this pin to VSS (Pin 4).
B Low-side Source connection. Connect to source of B Low-side power MOSFET.
B Low-side Output. Connect to gate of B Low-side power MOSFET.

B High-side Source connection. Connect to source of B High-side power MOSFET. Connect negative side of
bootstrap capacitor to this pin.

B High-side Output. Connect to gate of B High-side power MOSFET.



HIP4081A
Timing Diagrams

X »A OR B, AAND B HALVES OF BRIDGE CONTROLLER ARE INDEPENDENT

Tin T

UN=DIS=0 -'! - — —

= —# 7 X /S
— \ 'R, "EE—

XHO N
Turn T Ta Te
(10%6-90%) (10%-90%)

FIGURE 1. INDEPENDENT MODE

V - DIS - 0

) ===
N =
B Py J o~ e s _

RGURE 2. BISTATE MODE

UN ORDIS — —— —— ——
~—— TRerpw ——
N_ J \

xul 4
XHI \

XLO _l/——\ /

Tuen 1

XHO f '\

FIGURE 3. DISABLE FUNCTION



HIP4081A
Typlcal Performance CUWES VDO .VCC- VAMB =VBHB » 12V, VSS=V*L »VBU » VAHS =VBHS = OV, Rhdel- «LQEL-

look and TA=25°c, Unless Otherwise specified
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HIP4081A

Typlcal Performance CUWGS vD3avce =vAg =VBHBa 12V, vss aVALS aVBLS a

aVBHS aov, Rhdel 3 Ridel3

10K and TAa 25°C, Unless Otherwise Specified
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HIP4081A

Typical Performance CUrves Voo =Vcc = Vaug = Vara = 12V, Vss = Vars = Vars = Vans = Vans = OV, RyoeL = RLoeL =
10K and T, = 25°C, Unless Otherwise Specified (Continued)
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HIP4081A

TyplCa| Performance CUFVGS vpQ =VOC =V - Vbhb = 12v, VSS, VW S=vBLs =WV . vBHs =0V, RHOEL =RLOEL =
100K and TA3 25°c, Unless Otherwise specified
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HIP4081A
Typical Performance CUIVES vip «vec. Vg 3 varBs v, VSS» VALS. VBL >VAHS. VB » OV Rnoel * ., -

100K and TA = C, Unless Otherwise Specified (Continued)
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1. DEVICE CD4069UB PIN 7. COM. PIN 14 = +12V.
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HIP4081A

Dual-In-Lire Plastic Packages (PDIP)
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NOTES:

L

2.
3.

4.

Controlling Dimensions: INCH.  case of conflict between
English and Metric dimensions, the inch dimensions control.

Dimensioning and tolerancing per ANSI Y14.5M-1982.

Symbols are defined in the "MO Series Symbol List" in Section
2.2 of Publication No. 95.

Dimensions A, Al and L are measured with the package seated
JEDEC seating plane gauge GS-3.

. D, D1, and El dimensions do not include mold flash or protru-

sions. Mold flash or protrusions shall not exceed 0.010 inch
(0.25mm).

. Eand [eAl are measured with the leads constrained to he per-

pendicular to datum 1-C-1.

. e0and ec are measured at the lead Ups with the leads uncon-

strained. ec must be zero or greater.

. BL maximum dimensions do not include dambar protrusions.

Dambar protrusions shall not exceed 0.010 inch (0.25mm).

. Niis the maximum number of terminal positions.
. Comer leads (1, N. N2 and N/2 +1) for E8.3. E16.3, E18.3,

E28.3, E42.6 will have a BL dimension of 0.030 - 0.045 inch
(076- 1.14mm).

E20.3 (JEDEC MS-001-AD ISSUE D
20 LEAD DUAL-IN-UNE PLASTIC PACKAGE

SYMBOL
A

INCHES
MIN MAX
0.210
0.015 .
0115 019
0014 0022
0.045 0070
0008 0014
0.980 1.060
0.005 -
0300 0325
0240 0280
0.100 BSC
0.300 BSC
0430
0115 0.150
20

MILUMETERS
MIN MAX
533
0.39
2.93 495
0.3%  0.558
1.55 Lmn
0204 035
2489 269
013
762 8.25
6.10 1
254 BSC
762 BSC
. 10.92
293 381
20
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