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@ HARRIS HIP5061

PRELIMINARY 6A, High Efficiency
October 1992 Current Mode Controlled PWM Regulator
Features Description
* Single Chip Current Mode Control IC The HIP5061 is a complete power control IC, incorporating

g both the high power DMOS transistor, CMOS logic and low
* 60V, 5A On-Chip DMOS Transistor level analog circuitry on the same Intelligent Power IC. The
¢ Thermal Protection standard “Boost”, “Buck-Boost”, “Cuk”, “Forward"”, “Flyback”
and the “SEPIC” (Single-Ended Primary Inductance Con-

* Over-Current Protection verter) power supply topologies may be implemented with

e 250kHz Operation this single control IC.

+ On-Chip Reference Voltage - 5.1V Over-temperature and rapid short-circuit recovery circuitry is
incorporated within the IC. These circuits can disable the

* Slope Compensation drive to the power transistor to protect both the transistor

* Vpp Clamp and insure rapid restarting of the supply after the short

circuit is removed.

: : As a result of the power DMOS transistor’s current and volt-
Ap P lications age capability (SA and 60V), power supplies with output
* Single Chip Power Supplies power capability up to S5OW are possible.

¢ Current Mode PWM Applications Orderin g Information

* Distributed Power Supplies

PART TEMPERATURE
¢ Multiple Output Converters NUMBER RANGE PACKAGE

HIP5061DS 0°C to +85°C 7 Lead Staggered “Gullwing”

Pinout Block Diagram
7 LEAD STAGGERED “GULLWING” P
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3390
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Specifications HIP5061

Absolute Maximum Ratings Reliability Information

DC Supply Voltage, Vpp. « .« e vvvnvveeiinneinnnnn. -0.3Vto 16V Thermal Resistance Junction-to-Case, 8,c. . ............. 2°CW
DC Supply Current, lpp . ..o oo 105mA  Maximum Package Power Dissipation at +85°C

DMOS DrainVoltage ............coovvvevennnns -0.3V to 60V (Depends Upon Mounting, Heat Sink and Application). . . . . 10W
Average DMOS DrainCurrent ... ....oovvveennnnnennnn, 5A

DMOS Source Voltage, Vsource: TAB. ... ... ... -0.1Vto 0.1V

DC Supply Voltage, Vg. .« vvvvvvveeninnnn. -0.3V to Vpp + 0.3V

Compensation Pin Current, lyc ... -5mA to 35mA

Voltage atall Other Pins. .................. -0.3V to Vpp + 0.3V

Operating Junction Temperature Range. .......... 0°C to +105° C

Storage Temperature Range . ................ -55° C to +150° C

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.

Electrical Specifications Vpp = Vg =12V, V¢ = 5V, Vgg = 5.1V, DRAIN = 0V, T, = 0°C to 105°C,
Unless Otherwise Specified

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX UNITS
DEVICE PARAMETERS
oo Quiescent Supply Current Vpp = Vg =13.2V, Vg =0V 6 12 18 mA
oo Operating Supply Current Vpp=Vg=13.2V,V=8.5V, Vgg=4V - 20 31 mA
Vg Quiescent Current to Gate Driver | Vpp = Vg = 13.2V, Vg =0V - 0 10 HA
Vg Operating Current to Gate Driver | Vg =3V - 1 2 mA
Vooc Clamp Voltage Ipp = 100mA 13.3 14 15 \
VRer Reference Voltage lyc = OpA, Vg = Veg 5.0 5.1 5.2 Vv
AMPLIFIERS
llggl Input Current Veg = VRer - - 0.5 HA
Om (Veg) | Veg Transconductance Nlyg / = 500uA, Note 1 20 30 43 mS
ve/(Veg - VRer)
IVemax Maximum Source Current Vgg = 4.6V -3.5 -2 -1 mA
Vemax Maximum Sink Current Veg = 5.6V 1 2 3.5 mA
AoL Voltage Gain Ny /= 500pA, Note 1 44 50 - dB
Vemax Short-Circuit Recovery Compar- 5.5 7.0 8.9 \"
ator Rising Threshold Voltage
Vehys Short-Circuit Recovery Compar- 0.7 1.2 1.8 \'
ator Hysteresis Voltage
lvcover | V¢ Over-Voltage-Current Ve = Vemax, Voo = Vg = 10.8V 0 10 25 mA
CLOCK
fq Internal Clock Frequency ] 220 I 250 | 280 [ KHz
DMOS TRANSISTOR
TDS(ON) Drain-Source On-State Resis- lprain = 5A, Vpp = Vg = 10.8V - 0.1 0.22 Q
tance Ty =25°C
TDS(ON) Drain-Source On-State Resis- Iorain = 5A, Vpp = Vg = 10.8V - - 0.33 Q
tance T,=105°C
lpss Drain-Source Leakage Current Vprain = 60V - 1 10 HA




Specifications HIP5061

Electrical Specifications vy, = Vg =12V, V¢ = 5V, Vgg = 5.1V, DRAIN =0V, T, = 0°C to 105°C,
Unless Otherwise Specified (Continued)

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN I TYP MAX UNITS
DMOS TRANSISTOR (Continued)
lpsH Average Drain Short Circuit Vpran = 5V, Note 2 5 A
Current
CoRaiN DRAIN Capacitance Note 2 - 200 - pF
CURRENT CONTROLLED PWM
9m(Ve) | Alprainpeak /AVe Note 1 1.4 22 3.0 AV
Viiger Voltage to Current Converter Iprain = 0.25A, Note 1 24 2.6 3.1 v
Reference Voltage
ter Current Comparator Blanking Note 1 40 100 175 ns
Time
toNMIN Minimum DMOS “ON” Time Note 1 60 150 250 ns
{OFFMIN Minimum DMOS “OFF" Time Note 1 40 100 200 ns
MINCI Minimum Controllable DMOS Note 1 - 100 250 mA
Peak Current
MAXCI Maximum Controllable DMOS Duty Cycle = 6% to 30%, Note 1 7 9.5 12 A
Peak Current
MAXCI Maximum Controllable DMOS Duty Cycle = 30% to 96%, Note 1 5 8 12 A
Peak Current
CURRENT COMPENSATION RAMP
Al/At Compensation Ramp Rate Alprain,peak /ATime, Note 1 -1.4 -0.8 -0.3 Aus
tro Compensation Ramp Delay Note 1 1.3 1.5 1.8 us
START-UP
Vpomin | Rising Vpp Threshold Voltage Vgg = 4V 9.3 10.3 10.8 \"
Voouys Power-On Hysteresis Vg =4V 0.3 0.45 0.6 \"
N Vcen Enable Comparator Threshold 1.0 1.5 2.0 \'
Voltage
Ryc Power-Up Resistance 4V < Vpp < 10.8V, Vg = 0.8V 50 500 2300 Q
THERMAL MONITOR
T, Substrate Temperature for Note 2 105 - 145 °C
Thermal Monitor to Trip
Tony Temperature Hysteresis Note 2 - 5 - °c
NOTES:

1. Test is parformad on the wafar at +25°C onlv.

ast s pe

e¢ on waler +2o7C oMy,

2. Determined by design, not a measured parameter.




HARFuS HV-2405E

UL RECOGNIZED World-Wide

October 1992 Single Chip Power supply
Features Description
* Direct AC to DC Conversion The HV-2405E is a singie chip off line power suppiy that con-

verts world wide AC line voltages to a regulated DC voltage.

* Wide Input Voltage Range. .......... 15Vrms-275Vrms The output voltage is adjustable from 5Vp¢ to 24V with an
* Dual Output Voltages Available output current of up to 50mA. The HV-2405E can operate

from input voltages between 15Vrms and 275Vrms as well
* OutputCurrent............coooeeeees up to S0mA as input frequencies between 47Hz to 200Hz (see Table 1 in
e OutputVoltage...............ccoeiunnnn 5Vto 24V  section titled “Minimum Input Voltage vs Output Current” for
¢ Line and Load Regulation.................... <2% details).

The wide input voltage range makes the HV-2405E an excel-
lent choice for use in equipment which is required to operate
from either 240V or 120V. Unlike competitive AC-DC conver-

¢ UL Recognition, File # E130808

Ap P lications tors, the HV-2405E can use the same external components

« Power Supply for Non-Isolated Applications for operation from either voltage. This flexibility in input volt-
age, as well as frequency, enables a single design for a

* Power Supply for relay control world wide supply.

* Dual Output Supply for OFF-LINE Motor Controls The HV-2405E has a safety feature that monitors the incom-

ing AC line for large dv/dt (i.e. random noise spikes on AC

¢ Housekeeping Supply for Switch-Mode Power g AL ! "
line, initial power applied at or near peak line voltage). This

Supplies line, initial p ;
inhibit function protects the HV-2405E, and subsequent cir-
cuitry, by turning off the HV-2405E during large dv/dt tran-

. . sients.This feature is utilized to ensure operation within the

Ordering Information SOA (Safe Operating Area) of the HV-2405E.
OPERATING The HV-2405E can be configured to work directly from an
TEMPERATURE PACKAGE electrical outlet (see Figure 1) or imbedded in a larger sys-
PART NUMBER RANGE DESCRIPTION tem (see Figure 7). Both application circuits have compo-
HV3-2405E-5 0°C 1o +75°C 8 Lead Plastic DIP nents that will vary b;sgd on input voltage, output current
and output voltage. It is important to understand these val-

HV3-2405E-9 -40°C to +85°C 8 Lead Plastic DIP ues prior to beginning your design.

CAUTION: This Product Does Not Provide Isolation From The AC line. See Page 10 For General Precautions. Failure to use a properly
rated fuse may cause R1 to reach dangerously High Temperature or Cause the HV-2405E to Crack or Explode.

Pinout Functional Diagram
HV3-2405€ (PLASTIC DIP) SWITCHING LINEAR
|__ PRE-REGULATOR | POST-REGULATOR
TOP VIEW | T |
—— HeH R DAT SA1  DA2 at .
AC RETURN [T] [B]ACHIGH | o——w—p—o—p} H;—F'r Vour
PRE-REG 5 71 NG FUSE
CAP (C2) (2] :] L
GND [3 6]V RA4S 5
oo [Z] [€] Vout ol 3 HV-24DsE E—_o SENSE
[ [5] Vsense i g + - SRBI
RA5 3>
<
4 SRB10
>
DA3 Y sa2 \ 3
/ BANDGAP
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(1,3)
v,
AC out ) AC
RETURN 1,3) 2 RETURN
{—
c2
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2487.4
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Specifications HV-2405E

Absolute Maximum Ratings

Voltage Between Pin 1 and 8, Peak ........................ 1500V
Voltage Between Pin2and6...............ccovvvvennnn. 15V
Input Current, Peak ............ccovteeninnnennnnnnnnnns 2A
OUPUL CUITBNE . . ..ottt i iieeeennneenns 100mA
Output Volage . . ... ov ittt it i i e it 4V

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

Operating Temperature Range

Maximum Junction Temperature. ..................... +150°C
HV3-2405E-9 ........coivviiiiiinnenennnen -40°C to +85°C
HV3-2405E-5 ... .0ovvriiienienneennnennens 0°C to +75°C
Storage Temperature Range. .. ............... -65°C to +150°C
Thermal Constants (°C/W) 8ja Oic
PlasticDIP. .......cociviiniiiiiiininns 91.8 29.6

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Unless Otherwise Specified: V)

= 264Vms at 50Hz, C1 = 0.05uF, C2 = 470pF, C4 = 1pF, Vour =5V,

lout = 50mA, Source Impedance Ry = 150Q. Parameters are Guaranteed at the Specific V|y and
Frequency Conditions, Unless Otherwise Specified. See test circuit for Component Location.

HV-2405E-5/-9
PARAMETER CONDITIONS TEMP MIN TYP MAX UNITS
Output Voltage (At Preset 5V) Viger = 0Vpe +25°C 4.75 5.0 5.25 v
Full 4.65 5.0 5.35 \'
Output Voltage (At Preset 24V) Vger = 19Vpe +25°C 22.8 24.0 25.2 v
Full 22.32 24.0 25.68 \
Line Regulation 80Vrms to 264Vrms +25°C - 10 20 mVv
Full - 15 40 mV
Load Regulation (lout = 5MA to 50mA) +25°C - - 20 mv
Full - - 40 mV
Output Current Full 50 - - mA
Output Ripple (Vp-p) Full - 24 - mV
Short Circuit Current Limit Full - 70 - mA
Output Voltage TC Full - 0.02 - %/°C
Quiescent Current Post Regulator | 11Vpg to 30Vpg on Pin 2 +25°C - 2 - mA
Test Circuit
—o0 +
500 T Ve
AAA
o Wy o
=
BAGm
FILTER o Vour
NETWORK —
> Ut WF
AUTOMATIC : c1
TEST TEST SIGNA! T
EQUIPMENT SHOULDBE. | 0oswF T
FILTERED TO
PRECLUDE sl el
TRANSIENTS
TO LESS THAN c3
10Viusec c2 150pF
I 470uF l




HV-2405E

Application Information

ct R1
0.1uF 1000 FUSE
OPERATING CONDITIONS I — —AAA- o ACHIGH
Vin = 50Vrms TO 275Vrms
FREQUENCY = 50Hz to 60Hz Y & l ‘» -
lout = OMA to 50mA 8 sh2 AC RETURN
Vour=5V+ Vg Z| 20pF ‘l: j» 220KQ _l_
HV-2405E
Hygas T ° Vour
z1 C4
5 % T
( 2N2222
$R3
$3.9KQ
COMPONENT LIST

FUSE = 1/ 4A C1 = 0.1yF, AC RATED

R1 = 1000, 5W C2 = 470pF, 15V + Vouy, ELECTROLYTIC

R2 = 220kQ, 1W C3 = 20pF, CERAMIC

R3 = 3.9k, 1/4W C4 = 10yF, Voyt + 10V, ELECTROLYTIC

R4 = 5.6k, 1/ 4W Z1 = Voyr -5V, 1/4W

RS5 = 3.3Q, 1/ 4W 22 =5.1V, IN5231/A OR EQUIVALENT

R6 = 5.6k, 1/4 W

Q1 =2N2222 OR EQUIVALENT

FIGURE 1. OFF LINE WORLD-WIDE SUPPLY (lgyy > 50mA)

Off line World Wide Supply (loyt < 50mA)

Figure 1 shows the recommended application circuit for an
off line world wide supply. The circuit will deliver an output
voltage of 5V to 24V and an output current from 0 to 50mA.
The value of C2 can be reduced for applications requiring
less output current (see section titled “Optimizing Design” for
details). For a basic understanding of the internal operation
of the HV-2405E reference section titled “How the HV-2405E
Works”.

The following is a detailed explanation of this application cir-
cuit:

Basic Operation:

When the input voltage goes positive an internal switch
connects pin8 to pin2 allowing current to flow through R1 to
charge up C2. When the voltage on C2 reaches a
predetermined voltage the switch opens and the charging of
C2 stops. R1 limits the input current and along with C1
provides a snubber for the internal switch. A linear regulator
takes current from C2 further regulating the voltage and
limiting the ripple at pin6. The voltage at pin6 is equal to Vz,
+ 5V. The linear regulator also provides output current
limiting. The capacitor C4 on pin6 is required for stability of
the output.

input Current Limitin
The external components in the shaded area of Figure 1 per-
form two functions. The first is to shut down the HV-2405E in
the presences of a large voltage transients and the second is

to provide input current limiting.

Resistors R2, R3 and capacitor C3 monitor the input voltage
and turn on Q1 which shuts down the HV-2405E when the
input voltage or the dv/dt is too large. This network antici-
pates the voltage applied to pin8, since R1 and C1 add
several micro seconds delay, and turns off the HV-2405E
when a predetermined input voltage is exceeded. The differ-
ence between R3/C3 and R1/C1 time constants ensures
that the HV-2405E internal switch opens before the voltage,
and thereby the input current, is allowed to rise to a danger-
ous level at pin 8.The input voltage at which the HV-2405E is
turned off, is dependent upon the voltage on C2. The higher
the voltage on C2 the larger the input current that the HV-
2405E can safely turn off. For a detailed explanation of why
the voltage on C2 determines the maximum input current
that the HV-2405E can safely turn off, reference “Start-up” in
section titled “How the HV-2405E Works”.

Input current limiting is provided when the voltage at the
base of Q1 forward biases the base to emitter junction, turn-
ing off the internal switch. The voltage required at the base
to turn on Q1 increases as the voltage on C2 increases the
emitter voltage. When the voltage on C2 is >10V, the emitter
voltage is held constant by Z2 and the maximum input cur-
rent is set by resistors R2, R3, R4 and R5 (see section titled
“Design Equations” for more details).

Operation:

The circuit in Figure 1 ensures operation within the SOA of
the HV-2405E by limiting the input current to <500mA when
the voltage on C2 equals zero and <2A when the voltage on




HV-2405E

Application Information (Continued)

C2 is greater than 10V. The circuits operation is illustrated in
Figures 2 and 3. In Figure 2 the initial current pulse is
approximately 400mA when Vg, = OV and gradually
increases to approximately 1.8A when C2 = 10V. Also notice
that after the 17th line cycle the input current is approxi-
mately 1.4A. At this point C2 is fully charged. The input cur-
rent required to maintain the voltage on C2 is less than the
current to charge it and the circuit has reached steady state
operation. Since the steady state current is less than the
input current limit, the circuit in the shaded area is off and no
longer has any effect.

OFFLINE WORLD—SI[{E SUPPLY

T

I
R ‘};

—

ViN=264Vims i 'l#

(500V/div) &\}

j\

sl slmnm I

—

INPUT CURRENT
(1A/div)
Ip ~ 0.8A

T

N\ -(\-.‘JVW\I\NW‘

ML S g s Rl

Ve

(10V/div) * C2FULLY CHARGED |

b g
Vour .J.,.»Hﬁ :

(5Vrdiv) :

" TIME (50ms/div)

FIGURE 2. START UP OPERATION

Under short circuit operation the maximum voltage on pin 2
is less than 10V and the input current limiting circuit is
invoked. Figure 3 shows that under output short circuit con-
ditions, the input current is limited to about 800mA. The
effects on the output current when the input current limiting
circuit is invoked is illustrated in Figure 6.

1. lmt,ﬁmn

FIGURE 3. SHORT CIRCUIT OPERATION

Design Equations for Input Current Limiting
Initial Start-Up

Assume: Vg, = 0V, R1 = 100Q, R2 = 220k, R3 = 3.9kQ,
R4 = 5.6kQ, R5 = 3.3kQ, R6 = 5.6kQ, Vgg = 0.54V, lypg =
60pA, Vping - Vpinz = 3.5V @ low inputs currents. V\y, = Volt-
age on AC high when input current limit circuit is invoked
(Ve2=0V)

Vins - Vpin - Vpin2

IIN(mm) = R1 (EQ 1)
R2 + R3 R4 (R5 + R6)
Ving = RS R -T-T lrc) (EQ2)
Viyy = 57.41 (0.54 + 3.437kQ x 60pA) = 42.84V (EQ3)
42.84-35
W(min = 55— = 393MA (EQ4)

Equations 1 through 4, for the given assumptions, predict
that the initial input current will be limited to 393mA.

The following equations can be used to predict the maximum
input current during start-up.

Assume: Vo > 10V, R1 = 100Q, R2 = 220kQ, R3 = 3.9kQ,
R4 = 5.6kQ, R5 = 5.6kQ, R6 = 3.3kQ, Vgg = 0.54V, lygig =
60pA, Vz = 5.1V, Vpjng - Vpinz = 6V@ high inputs currents,
Vpinz - Vpine: Vinz2 = Voltage on AC high when input current
circuit is invoked (Vg > 10V).

Vinz - Vout - (Vping - Vein2) - (Vpinz - Vpine)

IiNgmax) = o (EQ5)
R2+R3 [ R4 R5 R4

Ving = X1 Vp, | (EQS6

IN2 R B *rashs XMt RaTRs zz:|( Q6)

Vo= 57.41[0.54 +(2.076kQ2 x BOA) + (0.6292 x 5.1)] (EQ7)
222 -Vgyr 6 -6

IiNgmax) = ——183L—’ =2.05A @ Voyr =5V (EQ8)
222 -Vour 6 -6

iN(max) = + = 1.86A @ Vo7 = 24V (EQ9)

Equations 5 through 9 predict the maximum input current will
be limited to less than 2.05A. In practice at 5 volt operation
the current is less than predicted due to the low bias current
through Z2.

Setting The Output Voltage

The circuit shown in Figure 1 provides a regulated 5V to 24V
DC and is set by adjusting the value of Z1. The output volt-
age of the HV-2405E (pin6) is set by feedback to the sense
pin (pin5). The output will rise to the voltage necessary to
keep the sense pin at 5V. The output voltage is equal to the
Zener voltage (Vz;) plus the 5 volts on the sense pin. For a
5V output, pins 5 and 6 would be shorted together. The out-
put voltage has the accuracy and tolerance of both the Zener
diode and the band-gap of the HV-2405E (see Figure 16).
The maximum output voltage is limited by Zg, to ~ 34Vpc.
Zg, protects the output by ensuring that an overvoltage con-
dition does not exist. Note: the output voltage can also be set
by placing a resistor (1/4 watt) between pins 5 and 6. If a
resistor is placed between pins 5 and 6 an additional 1 volt
per ka (+10%) is added to the 5V output.




HV-2405E

Application Information (Continued)

Optimizing Design (World-Wide Supply) NOTE: Under short circuit conditions the Pp in R1
decreases to 1.2W Due to fold back current limiting (loyt =

Selecting the Storage Capacitor C2: 20mA, Reference Figure 6).

For applications requiring less than 50mA or the full input

voltage range, the value of C2 can be reduced for a more OFFLINE WORLD-WIDE SUPPLY (R1 = 1000)

cost effective solution. The minimum C2 capacitor value is 6

determined by the intersection between the maximum input

voltage and the output current curve in Figure 4. (Note, for 5

50Hz operation see Figure 19 in section titled “Typical Per-

formance Curves”.) Advantages of making C2 as small as
possible are:

4 240Vrms

LA

* Reduced total size and cost of the circuit.

POWER DISSIPATION (W)
w

* Reduced start up time. 2 ]
) . ) / / 120Vrms
Consideration should be given to the tolerance and tempera- /
ture coefficient of the C2 value selected. (Note; momentary 1
peak output current demands should be considered in the
sizing of C2. Increasing the output capacitor C4 is another ° -
(] 10 20 30 40 50
way to supply momentary peak current demands.) LOAD CURRENT (mA)
275 OFFLINE WORLD-WIDE SUPPLY FIGURE 5. POWER DISSIPATION IN R1 vs LOAD CURRENT
35mAr . .
::: [~ 1omA / Operation Information
()
E 180 S0mA Effects of Temperature on Output Current:
E 150 Lzsml Figure 6 shows the effects of temperature on the output
2 120 I 1 current for the circuit shown in Figure 1. Figure 6 illustrates
§ 00 I v operation with the output configured for 5V. Temperature
5 effects on the output current for Voyr = 24V operation is
g oo similar. The foldback current limiting is the result of reduced
= 30 voltage on C2. The circuit delivers 50mA output current
0 across the specified temperature range of -40°C to +85°C
0 75100 220 330 270 for all output voltages between 5V and 24V. The effect of
Cc2 (WP decreasing the value of C2 (470uF) reduces the maximum
output current (i.e. moves curve to the left). For all C2 values
FIGURE 4. MINIMUM C2 VALUE vs INPUT VOLTAGE selected from Figure 4 (assuming tolerance and temperature

coefficient are taken into account) the circuit meets the
expected output current across the above mentioned
temperature range.

The following example illustrates the method for determining
the minimum C2 value required:

EXAMPLE

Requirements: Vour = 5V to 24V, lgyr = 35mA, Vinimax) = OFFLINE WORLD-WIDE SUPPLY

120Vrms, 60Hz. s 4 ‘L
For the given conditions, the minimum C2 value (from Figure 5
4) is determined to be 220pF. s 4 ki "\
terminin : &
D.e i .g the .Pov.lver Dissipation in R1 E . " i
Circuit efficiency is limited by the power dissipation in R1. 2 +2 1
The power dissipation for 240Vrms and 120Vms is shown in
Figure 5. g 2
5 -40°C .,
For input voltages other than 240Vrms or 120Vrms equation ~ © ; y - | et
10 can be used to determine the power dissipation in R1. ,;
Pd=2.8 \/—ﬁ‘ EQ 10, A
R1 Vims (loyr) ( ) 0 10 20 3 40 50 60 70 80 90 100
OUTPUT CURRENT (mA)
Example: Ry = 100€, Input Voltage = 240Vrms, oyt =
50mA, Pp = 4.8W FIGURE 6. OUTPUT CURRENT vs TEMPERATURE

10




HV-2405E

Application Information (Continued)

Minimum Input Voltage vs loyt

Table 1 shows the minimum input voltage range as a
function of output current. Notice that the HV-2405E can
deliver 5V at 10mA from a source voltage as little as 15Vrms
and requires a minimum of 50Vrms to deliver 24V at 50mA.

TABLE 1. MINIMUM INPUT VOLTAGE vs OUTPUT CURRENT

lour
Vour 10mA 25mA 35mA 50mA
5V 15Vrms 21Vims 25Vrms 30Vrms
24V 31Vrms 38Vrms 41Vrms 50Vrms

Component List (World Wide Supply <50mA)
Fuse

Opens the connection to the power line.
Recommended value: 1/4AG

R1 Source Resistor

R1 limits the input current into the HV-2405E. Needs to be
large enough to limit inrush current when C2 is discharged
fully. The maximum inrush current needs to be limited to less
than 2A (V peak / R1 <2A). The equation for power dissipa-
tion in R1 is:

Pd=2.8 ‘\j R1 Vrms (IOUT)

Wirewound resistors are recommended due to their superior
temperature characteristics.

R1 =100Q (+10%)
R2, R3, R4, R5 and R6 Resistors

R2, R3, R4, R5 and R6 set the bias level for Q1 that
establishes the minimum and maximum input current limit
during start-up.

(EQ10)

Resistor values (5%):
R2 = 220kQ, 1W

R3 = 3.9kQ, 1/4W

R4 = 5.6kQ, 1/4W

C1 Snubber Capacitor

C1 and R1 form a low pass filter that limits the voltage rate
of rise across SA1 (the main current carrying SCR of the
HV-2405E) and therefore its power dissipation.

C1 =0.1uF (x10%) AC rated, metallized polyester.
C2 Pre-Regulator Capacitor

R5 = 3.3kQ, 1/4W
R6 = 5.6kQ, 1/4W

C2 is charged once each line cycle. The post regulator
section of the HV-2405E is powered by C2 for most of the
line cycle. If the application requires a smaller input voltage,
the value of C2 can be reduced from that shown in Figure 1
(see section on “Optimizing Design” for details). Note:
capacitors with high ESR may not store enough charge to
maintain full load current. The voltage rating of C2 should be
about 10V greater than the selected Voyr-

Recommended value = 470uF electrolytic (+20%), unless
otherwise specified.

C3 Feed Forward Capacitor

C3 is part of the input Current limiting circuitry shown in
Figure 1. C3 detects large voltage transients on the AC line
and turns off the HV-2405E by turning Q1 on.

C3 = 20pF (20%). breakdown voltage >500V.
C4 Output Filter Capacitor

C4 is required to maintain the stability of the output stage.
Larger values may help in supplying short momentary
current peaks to the load and improve output ripple during
start-up.

C4 = 10pF (120%)

Z1 Output Voltage Adjust

Z1 is used to set the output voltage above the 5V reference
on pin 5 (see section titled “Setting The Output Voltage” for
more details).

Z1= VOUT - 5V,1/4 watt. V2 valve at TmA.

Note, the wattage rating is different when configured as a
dual supply (see dual supply section for on how to determine
wattage).

Z2 Clamp Diode

Z2 clamps the voltage on Q1's emitter when the voltage on
C2 >10V. This results in limiting the maximum input current
to less than 2A.

Z2 = 5.1V, 1N5231A or equivalent
Q1 Input Current Limiting Transistor

Q1 shuts down the HV-2405E when the input voltage or dv/dt
is too large.

VCEO =40V min.
Q1 = 2N2222 or equivalent

Imbedded Supply (1oyr <30mA)

—o +
"\ —AMWWA— o
FUSE R1 3
150Q P‘|
=] [F] [e] [ Vour
FILTER
NETWORK
) HV-2405E
1 ca
c1 1 T 10uF
0.1pF T
dv/dt < 10V/usec e T
R2 c3
2.7Q T 150pF
c2
T 330uF
COMPONENT LIST
FUSE = 1/4A C2 = 330yF, 15V + Vout, ELECTROLYTIC
R1 = 1500, 3W C3 = 150pF, CERAMIC
R2 = 270, 1/4W C4 = 10uF, Voyt + 10V, ELECTROLYTIC

C1=0.1uF, ACRATED  Z1 = Vgyy -5V, 1/4W
FIGURE 7. IMBEDDED SUPPLY lgyr < 30mA
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Application Information (Continued)

For applications requiring 30mA or less and not directly off
line (i.e. filter network preceding supply), the external tran-
sistor and associated resistors in Figure 1 can be replaced
with a single 1/4 watt resistor R2 and capacitor C3 (Figure 7)
if: (1) The filter network reduces the input dv/dt to less than
10V/usec (ensures sufficient pin2 voltage at turn off), (2)
Source resistor R1 equals 150Q (limits the maximum input
current) and (3) Inhibit Capacitor C3 equals 150pF (turns off
the HV-2405E during large voltage transients).

For applications where EMI (conductive interference) is a
design requirement, the circuit shown in Figure 8 is the rec-
ommended application circuit. This circuit delivers an output
voltage of 5V to 24V with an output current from 0 to 30mA
and passes VDE 0871 class “B” test requirements for con-
ductive interference with a resistive load.

L1 R1
FUSE 2.2mh 1500 —o +
'-'\Mr-'j_l ) z1
AC HIGH
=] [F] fe] [ Vour
Y HV-2405E
lca
col ol T 10uF
0.33yF T 0.1uF T LJ
4
FILTER
NETWORK 2 m 150pF
T 330|,LF
AC RETURN
COMPONENT LIST
FUSE =1/4A C3 = 150pF, CERAMIC
R1 = 1500, 3W C4 = 10pF, Voyr + 10V,
R2 = 2.7, 1/4W ELECTROLYTIC

C1 = 0.14F, AC RATED
€2 = 330F, 15V + Vour, L1 = 2.2mh, u = 2000
ELECTROLYTIC C0 = 0.33uF, AC RATED

FIGURE 8. IMBEDDED SUPPLY WITH EMI FILTER (lgyr < 30mA)

Z1 = Voyr -5V, 14W

Basic Operation:

When power is initially applied the filter network reduces the
magnitude of any transient noise spikes that might result in
operation outside the SOA of the HV-2405E (see Start-up in
section titled “How the HV-2405E Works” for and explanation
of the SOA). When the voltage on pin 8 goes positive an
internal switch connects pin8 to pin2 and C2 starts to charge
through R1 and R2. When the voltage on pin2 reaches a
predetermined voltage the switch opens and the charging of
C2 stops. R1 limits the input current and along with C1 pro-
vides a snubber for the internal switch. R2 also has the effect
of limiting the input current by increasing the voltage on pin2
sooner in the cycle. A linear regulator takes current from C2
and provides a DC voltage at pin6. The voltage at pin6 is
equal to V,4+ 5V. The inhibit capacitor (C3) provides protec-
tion from large input voltage transients by turning off the HV-
2405E and the output capacitor C4 provides stabilization of
the output stage.

Operation:

The operation of the imbedded supply is illustrated in Fig-
ures 9 and 10. Figure 9 shows operation with a 30mA load
and Figure 10 with the output short circuited. Notice that In
both cases, the inhibit function of the HV-2405E prevents the
circuit from turning on when the input voltage was applied
near the peak iine voitage. Aiso notice the initiai current
pulse (Figure 9) is approximately 1.6A and decreased to 1A
within 40ms. This decrease in the input current results when
the charging current required to maintain the voltage on C2
decreased. The effect of the series resistor (R2) is illustrated
by the small voltage spike on the Vpin2 trace. This voltage
spike increases the voltage on pin2 to the 10V trip point
sooner in the cycle, thereby limiting the input current.

IMBEDDED SUPPLY

M\

V|N = 264Vrms J
(500V/div) (Pin8) *:

/

INPUT CURRENT |
(1A/div)
Ip=1.6A

R andns

lout = 30MA, Vour = 5V

IRERRE T I Rarseanye

VpiN2
(10V/div)

IRREEI

Vour Lo b
(5VldN) "TIME (20ms/div)

FIGURE 9. START UP OPERATION

IMBEDDED SUPPLY

VN =264Vrms i:
(500V/div) (PIN8)

INPUT CURRENT
(1A/div) i
Ip=1.6A

Veinz |
(1ovidiv) |

Vour
(5V/div) |

TIME (20ms/div)

OUTPUT SHORT CIRCUITED
FIGURE 10. SHORT CIRCUIT OPERATION

12




HV-2405E

Application Information (Continued)

Setting The Output Voltage

The circuits shown in Figures 7 and 8 provide a regulated 5V
to 24V DC output voltage that is set by adjusting the value of
Z1. The output voltage of the HV-2405E (pin 6) is set by
feedback to the sense pin (pin5). The output will rise to the
voltage necessary to keep the sense pin at 5V. The output
voltage is equal to the Zener voltage (Vz,) plus the 5 volts on
the sense pin. For a 5V output, pins 5 and 6 would be
shorted together. The output voltage has the accuracy and
tolerance of both the Zener diode and the band-gap of the
HV-2405E (see Figure 16). The maximum output voltage is
limited by Zg, to = 34Vpc. Zg, protects the output by ensur-
ing that an overvoltage condition does not exist. Note: the
output voltage can also be set by placing a resistor (1/4 watt)
between pins 5 and 6. If a resistor is placed between pins 5
and 6 an additional 1 volt per ka (+10%) is added to the 5V
output.

Optimizing Design (imbedded Supply)
Selecting the storage capacitor C2:

For applications requiring less than 30mA, the value of C2
can be reduced for a more cost effective solution. The mini-
mum C2 capacitor value vs. output current is presented in
Table 2. Advantages of making C2 as small as possible are:

* Reduced total size and cost of the circuit.
¢ Reduced start up time.

Consideration should be given to the tolerance and tempera-
ture coefficient of the C2 value selected. (Note: momentary
peak output current demands should be considered in the
sizing of C2. Increasing the output capacitor C4 is another
way to supply momentary peak current demands.)

TABLE 2. IMBEDDED SUPPLY

R1-150Q R2=2.7Q

Vin FREQ. c2 lout
264Vrms 50Hz 330uF 30mA
220uF 24mA
100pF 14mA

50uF 8mA
264Vrms 60Hz 330pF 30mA
220uF 27mA
100pF 16mA

50uF 9mA

132Vrms 50Hz 330uF 30mA
220pF 30mA

100uF 16mA

50uF 8mA

132Vrms 60Hz 330puF 30mA
220pF 30mA

100uF 16mA

50puF 9ImA

Determining the Power Dissipation in R1:

Circuit efficiency is limited by the power dissipation in R1.
The power dissipation for 240Vrms and 120Vrms is shown in
Figure 11.

For input voltages other than 240Vrms or 120Vrms equation
10 can be used to determine the power dissipation in R1.

Pd=28 \[RTVims (iou1) (EQ 10)
IMBEDDED SUPPLY (R1 = 150Q)
4
3
E 240Vrms
g /
2
]
B //
£
o 120Vrms
a
04
0 10 20 30
LOAD CURRENT (mA)

FIGURE 11. POWER DISSIPATION IN R1 vs LOAD CURRENT
Operation information
Effects of Temperature on Output Current:

Figures 12 and 13 show the effects of temperature on the
output current for the imbedded supply (R2 = 2.7q). Figure
12 illustrates Voyt = 5V operation and Figure 13 illustrates
Vout = 24V operation. The imbedded supply (R2 = 2.7Q)
delivers 30mA output current across the specified tempera-
ture range of -40°C to +85°C for all output voltages between
5V and 24V. The effect of decreasing the value of C2
(330pF) reduces the maximum output current (i.e. moves
curve to the left). For all C2 values selected from Table 2
(assuming tolerance and temperature coefficient are taken
into account) the circuit meets the expected output current
across the above mentioned temperature range.

IMBEDDED SUPPLY
6

FS

+85°C

+25°C

A
Vs
/4

20 30 40 50 60
OUTPUT CURRENT (mA)
FIGURE 12. OUTPUT CURRENT vs TEMPERATURE (R1 = 1500,

R2 = 2.7Q, C2 = 330uF)

OUTPUT VOLTAGE (V)

~n

0

0 10 70 80
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Application Information (Continued)

IMBEDDED SUPPLY

30

25
w
8 20
-
-l
Q15 +85°C § +25°C J40°C
5 le—! e
2 10 !
2
°

) /

0

0 10 20 30 40 50 60 70 80

OUTPUT CURRENT (mA)

FIGURE 13. OUTPUT CURRENT vs TEMPERATURE (R1 = 1500,
R2 = 2.7Q, C2 = 330yF)

90 100

Component List (imbedded Supply <30mA)
Fuse

Opens the connection to the power line should the system
fail.

Recommended value: 1/4AG
R1 Source Resistor.

R1 limits the input current into the HV-2405E. Needs to be
large enough to limit inrush current when C2 is discharged
fully. The maximum inrush current needs to be limited to less
than 2A (Vpeak / R1 < 2A). The equation for power dissipa-
tion in R1 is:

Pd=28 R Vims (lour)®

Wirewound resistors are recommended due to their superior
temperature characteristics.

R1 = 150Q (+10%)
R2 Series Resistor

R2 limits the input current by boosting the voltage on pin 2
sooner in the cycle.

R2 = 2.7Q (5%), 1/4 Watt
C1 Snubber Capacitor

C1 and R1 form a low pass filter that limits the voltage rate of
rise across SA1 (the main current carrying SCR of the HV-
2405E) and therefore its power dissipation.

C1 =0.1uF (£10%) AC rated, metallized polyester.
C2 Pre-Regulator Capacitor

C2 is charged once each line cycle. The post regulator sec-
tion of the HV-2405E is powered by C2 for most of the line
cycle. If the application requires a smaller input voltage, the
value of C2 can be reduced from that shown in Figures 7 or
8 (see section on “Optimizing Design” for details. Note;

capacitors with high ESR may not store enough charge to
maintain full load current. The voltage rating of C2 should be
about 10V greater than the selected Voyr.

330uF electrolytic (+20%),unless

Recommended value
otherwise specified.

C3 Inhibit Capacitor

C3 keeps the HV-2405E from turning on during large input
voltage transients.

C3 = 150pF (10%)
C4 Output Filter Capacitor

C4 is required to maintain the stability of the output stage.
Larger values may help in supplying short momentary
current peaks to the load and improves output ripple during
start-up.

C4 = 10uF (£20%)
Z1 Output Voltage Adjust

Z1 is used to set the output voltage above the 5V reference
on pin 5 (see section titled “Setting The Output Voltage” for
more details).

21 = VOUT - 5V,1/4 watt.

Note, the wattage rating is different when configured as a
dual supply (see dual supply section for on how to determine
wattage).

Low Input Voltage Supply (ioyr <50mA)

An ideal application, taking advantage of the low voltage
operation, would be thermostat controls were 28Vms is sup-
plied via a transformer. In this application the HV-2405E
could deliver a regulated 5V at 40mA with a power dissipa-
tion in R1 (R1= 200) equal to 530mw. The current limiting
components, in Figure 1, are not required at this low input
voltage level. See Figures 23 and 24 for output vs. tempera-

ture.
—o +
AC FUSE
HIGH 1 | (2) Al
=] [~] [e] [ Vour
28Vrms ) HV-2405E
)
c1l T 104F
0AuF T
] IIl
150pF
AC
RETURN T 33°“F
COMPONENT LIST
FUSE = 1/ 4A, OPTIONAL C2 = 470yF, 15V + Vouy, ELECTROLYTIC
R1 =200, 1W C3 = 150pF, CERAMIC
R2=2.7Q, 1/4W C4 = 10pF, Voyr + 10V, ELECTROLYTIC

C1 = 0.05,F, AC RATED 21 = Vour -5V, 1/4W

FIGURE 14. LOW INPUT VOLTAGE SUPPLY
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Application Information (Continued)

R1
100Q

AAA

dL2q
2

COMPONENT LIST

FUSE = 1/2A
R1 = 100Q, 5W

R2 = 220kQ, 1W

R3 = 3.9kQ, 1W

R4 = 5.6k(, 1/ 4W

RS = 3.3Q, 1/4W

R6 = 5.6k, 1/4 W

C1 = 0.1uF, AC RATED

C2 = 470uF, 15V + Voyt, ELECTROLYTIC

\AAS

° 0N
mw

ol

N

HV-2405E

of [of [ ]ee

IHH
3

C3 = 20pF, CERAMIC

C4 = 10uF, Voyt + 10V, ELECTROLYTIC
Z1 = Voyrt - 5V, 14W

Z2 = 5.1V, 1N5231/A OR EQUIVALENT
Q1 =2N2222 OR EQUIVALENT

13

—AAA
—

FIGURE 15. DUAL SUPPLY

Dual Supply (1oyr <50mA)

Dual output voltages are available by making use of the 5
volt reference at pin 5. The sum of both supply currents must
not exceed maximum output current limit of 50mA. The out-
put current for the 5 volt supply is delivered from the output
(pin 6) through the Zener diode. The wattage calculation for
the Zener diode is given in Equation 11.

Wattage = (V pin 6 - V pin 5) (Ioyt pin 5) (EQ 11)

General Precautions

CAUTION: This product does not provide isolation from the
AC line. Failure to use a properly rated fuse may cause R1 to
reach dangerously high temperatures or cause the HV-
2405E to crack or explode.

Instrumentation Effects:
Background:

Input to output parasitic exist in most test equipment power
supplies. The inter-winding capacitance of the transformer
may result in substantial current flow (mA) from the
equipment ground wire to the AC and DC ground of the HV-
2405E. This current can induce instability in the inhibit circuit
of the HV-2405E resulting in erratic operation.

Recommendations for evaluation of the HV-2405E in the lab:

a). The use of battery powered DVM's and scopes will
eliminate ground loops.

When connecting test equipment, locate grounds as
close to pin 1 as possible.

Current measurements on the AC side of the HV-2405E
(Pin 8, 1 and 2) should be made with a non-contact
current probe.

b).

c).

It AC powered test equipment is used, then the use of an
isolated plug is recommended. The isolated plug eliminates
any voltage difference between earth ground and AC
ground. However, even though the earth ground is
disconnected, ground loop currents can still flow through

transformer of the test equipment. Ground loops can be
minimized by connecting the test equipment ground probe
as close to pin 1 as possible.

Caution: Dangerous voltages may appear on exposed metal
surfaces of AC powered test equipment.

AC Source Effects:
Background:

Laboratory AC sources (such as VARIACs, step-up trans-
formers etc.) contain large inductances that can generate
damaging high voltage transients any time they are switched
on or off. Switch arcing can further aggravate the effects of
source inductance.

Recommendation:

Adequate protection means (such as MOV, avalanche diode,
surgector, etc.) may be needed to clamp transients to within
the +500V input limit of the HV-2405E.

Output Short Circuited:

For output voltages greater than 5V the maximum voltage
rating from pin 2 to pin 6 (15V) could be exceeded. For a
24V output the voltage on pin 2 could be as high as 32V.
Under normal operating conditions the voltage differential
between pin2 and pin 6 is maintained by DA3, DA4, DAS5 and
ZA1 (Figure 6) to about 6V. However, if the output (pin6) is
shorted to ground the potential difference would equal the
voltage on C2 which would exceed the 15V max limit. (Note:
if the output is shorted prior to initial power up, the voltage on
C2 only reaches about 6.8V and therefore is not a problem.)

Recommendation:

If the possibility of the output being shorted to ground during
normal operation exist, a 10V zener diode (cathode pin 2,
anode pin 6) is recommended from pin 2 to pin 6.

Safe Operating Area

Ensure operation is within the SOA of the HV-2405E. Refer-
ence “Start-Up” in section titled “How the HV-2405E Works”.
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How The HV-2405E Works
Steady State Operation:

The HV-2405E converts an AC voltage into a regulated DC
voltage. This is accomplished in two functional sections (1)
Switching Pre-Regulator and (2) Linear Voltage Regulator.
Refer to HV-2405E schematic Figure 16.

The purpose of the Switching Pre-Regulator circuit is to cap-
ture energy from an incoming AC power line, 1/6 of every
positive half cycle and store this energy in an electrolytic
capacitor (C2). This energy is then transferred to the Linear
Voltage Regulator.The current path for charging C2 is
through DA1, SA1 and DA2. When the voltage level on C2
reaches approximately 6.8V above the output voltage, SA2
turns on turning off SA1 and the charging of C2 stops until
the next positive half cycle on AC high. SA2 is triggered on
when current flows out of SA2's anode gate and through the
Zener diode stack (ZA1, DA3, DA4, DAS). This results in a
feedback circuit that limits the peak voltage on pin 2.

The input voltage and current wave forms at pin 8 are illus-
trated in Photo 1. The operation of the HV-2405E is easily
confirmed by noticing the clamping of the input voltage dur-
ing the charging of C2. Photo 2 shows the voltage on C2
(bottom trace), along with the voltage on pin 8 as a refer-
ence. The test conditions for the wave forms are listed at the
end of this section.

The Linear Voltage Regulator performs two functions. The
first is to provide a reference voltage at pin 5 that is tempera-
ture independent and the second is to provide an output volt-
age on pin 6 that is adjustable from 5 volts to 24 volts. The
band-gap (NB1, NB2, RB3 and RB4) provides a temperature
independent reference voltage on the base of NB5S. This ref-
erence voltage (1.21V) results in approximately 1 mA
through RB10 when the feedback loop from pin 6 is closed.
The output voltage is adjusted by placing a Zener diode
between pins 5 and 6. The output voltage on pin 6 is
adjusted above the 5 volt reference on pin 5 by a value equal
to the Zener voltage. The maximum output voltage is limited
to =~ 34Vp¢ by the internal Zener diode Zg,. Zg, protects the
output by ensuring that an overvoltage condition does not
exist. The bottom trace of Photo 3 shows the output voltage
ripple (worst case conditions), along with the voltage on pin
8 as a reference.

Test conditions for waveforms: Ty = +25°C, Vac = 240Vrms,
f = 50Hz, R1 = 1500, C1=0.1uF, C2 = 470uF, C3 = 150pF,
C4 = 1pF, Voyr = 5V @ 50mA.

Start-up:

Start up operation is similar to that described above. Since
the storage capacitor connected to pin 2 is discharged, the
main SCR, SA1, has to pass more current than for steady
state.

Tha ahil

e aoch! to turn A“CAq :eai..nn,

tion of the voltage on C2 Due to the impedances of SA1 and
SA2, the maximum input current that can be safely turned off
decreases for C2 voltages below 5V. To understand why the
voltage on C2 determines the maximum input current that

the HV-2405E can safely turn off, its important to understand

the electrical connection between SA1, SA2 and the storage
capacitor C2. Figure 17(a) is a schematic representation of
both SCR'S and is presented to explain how SA2 turns off
SA1.

Top Trace: Input Voltage at Pin 8, AC High (200V/Div)
Bottom Trace: Current into Pin 8, (0.5A/Div)

PHOTO 1

Top Trace: Input Voltage at Pin 8, AC High (200V/Div)
Bottom Trace: Pre-Regulator Capacitor Voltage, C2
(5V/Div) @ Approximately 10V DC

PHOTO 2

Top Trace:
Bottom Trace:

Input Voltage at Pin 8, AC High (200V/Div)
Ripple or Switch Spike on Regulator 5V DC
Output (50mV/Div) This is Worst Case
Ripple (High Line Voltage, Maximum loyt)

PHOTO 3
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INHIBIT NA1

Ryt

>
g“‘s 11VDC | <
T0
30vDC
ZA1 RB17 RB16
5.4V

NB4 ;2 AAs :.BE
%

ZB1

NB1

RB3

@ — +

AC
RETURN SWITCHING PRE-REGULATOR LINEAR VOLTAGE REGULATOR

FIGURE 16. HV-2405E SCHEMATIC DIAGRAM

GND
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Assume that SA1 is on and the current path is from pin 8 to
pin 2. If a small current is pulled out of the base of SA2’s pnp
(point 1, Figure 17a) SA2 will turn on. When SA2 turns on
the collector current of SA1’s pnp no longer provides base
drive to its npn and SA1 turns off. Figure 17(b) shows the
current relationships for both SCR's.

2 AMP

v

RA4

] c2
STORAGE
T cap

o PIN2

=
ZxXZ
-

] sA2
OUTPUT x

TURN OFF
(b)

(a)

FIGURE 17 (a) (b). SCHEMATIC REPRESENTATION OF SCR's

In order for current to be pulled out of the base of SA2’s pnp
the voltage on the pnp’s emitter will have to be more positive
than the voltage on the base. The voltage on the base is ref-
erenced 7.5V above the output voltage by the zener diode
stack between pins 4 and 6. When the voltage on pin 2
reaches 6.8V (7.5V-1Vbe) above the output voltage, current
flows and SA2 is gated on. With 6.8 volts above the output
voltage on C2, there is a sufficient voltage across SA2 to
turn off SA1 by sinking 100% of SA1’s anode current.

SA2 could be triggered on before C2's voltage is sufficient to
ensure that SA2 can sink 100% of SA1’s current, by noise on
pin8. In this case SA1 goes into a high impedance state but
does not turn off. This condition can exist if switch arcing trig-
gers enough current through the inhibit capacitor to prema-
turely turn on SA2.

The Safe Operating Area (SOA) of the HV-2405E is defined
by the voltage on C2 and the magnitude of the input current.
Figure 18 shows the safe operating area of the HV-2405E.

Under normal operating conditions the HV-2405E does not
turn off the input current until the voltage on C2 is well above
5V. Input currents larger than the safe turn off value in Figure
10 do not present any problems as long as the HV-2405E
does not attempt to interrupt them.

During start up operation, power line noise, typically gener-
ated by switch bounce/arcing, may accidently initiate input
current turn off before C2 is charged. The application circuit
shown in Figure 1 never permits the HV-2405E to operate
outside the safe turn off current region so any false turn off
signals have no effect. Also, once the capacitor is charged,
noise causes no problems.

For applications where there is little noise during start up, the
external transistor and associated resistors are not needed.
A 150pF capacitor connected to pin 4 helps keep the HV-
2405E turned off until any switching noise dies out. Also the
input resistor R1 may have to be increased to limit the input
current to the allowable maximum.

Some applications inherently have little start-up noise. EMI
filters between the power switch and the HV-2405E greatly
attenuate switch bounce noise. Likewise, the presences of
large capacitors connected through bridge rectifiers act as
filters. Solid-state relays that close at the line zero crossing
generate little noise. Also, there is no problem if power is
applied during the negative part of the line cycle. [The user is
cautioned to verify the suitability of his application circuit.
Contact Harris Applications for specific questions.]

If the safe turn off current is exceeded, SA1 will fail as a
short circuit. However, SA2 will continue to act, temporarily,
as shunt regulator to keep the voltage on pin 2 from exceed-
ing the safe limit of the post regulator. The voltage at pin 6
will not change. Failure to use a properly rated fuse may
cause R1 to reach dangerously high temperatures or cause
the HV-2405E to crack or explode.

011 Z
ELECTRICAL
z OVERSTRESS
e 2
c
w
4
[+4
=]
(3]
51 SAFE AREA  —|
g OF OPERATION
4
0 1 2 3 4 5 6 7 8 ° 30
PIN 2 VOLTAGE

FIGURE 18. HV-2405E SAFE INTERRUPT CURRENT vs PIN 2
VOLTAGE




HV-2405E

HV-2405E Waveforms unless Otherwise Specified: Ty = +25°C, V¢ = 240Vrms, = 50Hz, Ry = 150, C1 = 0.05pF,
C2 = 4704F, C3 = 150pF, C4 = 1uF, Vour = 5V @ 50mA, 5ms/div.
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FIGURE 19. MINIMUM C2 VALUE vs INPUT VOLTAGE 50Hz
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FIGURE 21. OUTPUT RIPPLE VOLTAGE vs LOAD CURRENT
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CA3085, CA3085A
CA3085B

Positive Voltage Regulators from
1.7V to 46V at Currents Up to 100mA

Features
e Un to 100mA Output
* Input and Output Short-Circuit Protection

e Load and Line Regulation...............oouunn 0.025%
* Pin Compatible with LM100 Series

* Adjustable Output Voltage

Applications

* Shunt Voltage Regulator

¢ Current Regulator

¢ Switching Voltage Regulator

¢ High-Current Voltage Regulator

« Combination Positive and Negative Voltage Regulator

¢ Dual Tracking Regulator

Description

The CA3085, CA3085A, and CA3085B are silicon monolithic integrated
circuits designed specifically for service as voltage regulators at output
voltages ranging from 1.7V to 46V at currents up to 100 milliamperes.

A block diagram of the CA3085 Series is shown. The diagram shows
the connecting terminals that provide access to the regulator circuit
components. The voltage regulators provide important features such
as: frequency compensation, short-circuit protection, temperature-
compensated reference voltage, current limiting, and booster input.
These devices are useful in a wide range of applications for regulating
high-current, switching, shunt, and positive and negative voltages. They
are also applicable for current and dual-tracking regulation.

The CA3085A and CA3085B have output current capabilities up to
100mA and the CA3085 up to 12mA without the use of external pass
transistors. However, all the devices can provide voltage regulation at
load currents greater than 100mA with the use of suitable external pass
transistors. The CA3085 Series has an unregulated input voltage rang-
ing from 7.5V to 30V (CA3085), 7.5V to 40V (CA3085A), and 7.5V to
50V (CA3085B) and a minimum regulated output voltage of 26V
(CA3085), 36V (CA3085A), and 46V (CA3085B).

Vim Vour vix T waxioap | Ordering Information
RANGE | RANGE bout REGULATION BER T PA
TYPE v v mA %Vour PART NUM TEMPERATURE CKAGE
CA3085 | 751030 | 1.8to26 T2 0.1 CA3085, A, B -55°C to +125°C | 8 Lead TO-5 Style
CA3085A | 7.51040 | 1.7t0 36 100 0.15 CA3085S, AS, BS -55°C to +125°C | 8 Lead TO-5 Dil-Can
CA3085B | 751050 | 1.7 to 46 100 0.15 CAB308SE, AE, BE -65°C to +125°C | 8 Lead Plastic DIP
* This value may be extended to 100mA; however, regulation is CA3085H +25°C Die Form
not specified beyond 12mA.

Functional Block Diagram

UNREGULATED

INPUT (V') 93)

CURRENT COMPENSATION AND
BOOSTER ? ? EXTERNAL INHIBIT

CURRENT
SOURCE

VOLTY
REF.

AMPL.
SOURY

_®

REGULATED
OUTPUT

LIMITING

]

Pinouts
8 LEAD PLASTIC DIP
8 LEAD TO-5 DIL-CAN
TOP VIEW
\J
CURRENT
our [1] 8] miT
CURRENT
BOOSTER L2 [7] COMPANHIBIT
vin 3] 5] N
V-4 5] Vrer
5 g STARTING
CIRCUIT
8 LEAD TO-5 STYLE
TOP VIEW
CURRENT
LIMIT
ouT (@ 7) COMPANHIBIT
CURRENT -~
BOOSTER
VN VREF
V-

SUBSTRATE é) INV ‘ CURRENT
v-O Voer © INPUT ® LIMITING

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

Copyright © Harris Corporation 1992

20 This page supersedes DB304 page 7-31

File Number 491.3



S

SEMICONDUCTOR

CA3169

Solenoid and Motor Driver

H

October 1992

(1/2 H Driver)

Features

Chip Encapsulated in a 5-Lead Plastic TO-220
Style Package

Output Short Circuit Protection
Thermal Overload Protection

Solenoid Inductive “Kick” Protection with
Internal-Clamp Diodes

Output Sink and Source Capacity of 600mA
Minimum Over Temperature

Separate Sink Circuit and Source Circuit, Each
Individually Controlled

Applications

Latching Solenoid Driver (Single and Multiple)
Non-Latching Solenoid Driver

Relay Driver

Lamp Controller

Description

The CA3169 ia a monolithic integrated circuit capable of driving
lamps and other devices that can be changed between two states
(on or off). Transistors, SCR’s, and triacs are some of the solid
state devices that can be controlled by the CA3169. This device
can also control relays, solenoids (latching or nonlatching), motors
(DC - forward and reverse) and DC stepping motors.

The CA3169 contains a separate source driver circuit with internal
current limiting protection and a separate sink driver circuit. The
sink driver contains an energy absorbing diode to protect the
device against any inductive “kick” during state changes. The
CA3169 is protected against overvoltage conditions on the output
drivers and overtemperature conditions (thermal-shutdown protec-
tion).

The input operating levels are TTL compatible. The source and
sink outputs are in their off condition (non-conducting) when their
respective inputs are in a HI state, or open-circuited. The outputs
are in their on state (conducting) when their respective inputs are
LO.

¢ Lamp Driver

¢ Motor Controller (Forward and Reverse) Ordering Information

* Stepper Motor Controller

* On-Off Logic Controllers (TTL Logic) PART NUMBER TEM:iszURE PACKAGE

* Intermediate Power Driver CA3169 -40°C to +85°C 5 Lead Plastic SIP
¢ Triac, SCR, and Transistor Drivers

Pinout Functional Block Diagram
5 PIN PLASTIC SIP SUPPLY (7) v,
TOP VIEW VOLTAGE ce
MOUNTING 1
FLANGE 3
Goa [l ] SRR
GROUND ‘ LIMITING
——————1 3 SINK OUTPUT
| O EE————= 2 SOURCE OUTPUT SOURCE IN
— ! Yee & ﬁ SOURCE OUT
INPUTA THERMAL ®
PROTECTION OUTPUT A
SINK OUT
— ' ®
OVER VOLTAGE [’J SAMAX OouTPUTB
PROTECTION SURGE
SINK IN | 1 ..... ' D1
O 2.5A MAX
INPUT B vV "} . § SURGE
MOUNTING FLANGE
(GND)
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1277.3

Copyright © Harris Corporation 1992

21 This page supersedes DB304 page 4-3
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HIP2500

Half-Bridge 500Vp¢ Driver

Features

Maximum Rating
Ability to Interface and Drive N-Channel Power Devices
Floating Bootstrap Power Supply for Upper Rail Drive

CMOS Schmitt-Triggered Inputs with Hysteresis and
Pull-Down

100kHz Operation
Single Low Current Bias Supply

Description

The HIP2500 is a high voltage integrated circuit (HVIC)
optimized to drive MOS gated power devices in half-
bridge topologies. It provides the necessary control for
PWM motor drive, power supply, and UPS applications.

« Latch-up Immune CMOS Logic Ordering Information
o PeakDrive.......c.covviiiiiiiiiinneans Up to 2.0A oART
« Gate Drive SwitchingTime ............... < 150ns Typ TEMPERATURE PACKAGE
L HIP25001P -40°C to +85°C | 14 Lead Piastic DIP
Applications
« High Frequency Switch-Mode Power Supply
¢ Induction Heating and Welding
* Switch Mode Amplifiers
* AC and DC Motor Drives
¢ Electronic Lamp Ballasts
o Battery Chargers
¢ UPS Inverters
Pinout Functional Block Diagram
14 PIN PLASTIC DIP
TOP VIEW
\J
Lo [1] o HIP2500 i
B il v mB
com [2 H3] Vs S i
uv LEVEL ™ DRIVER HO
Vee E E UN Vpp ¢ SHIFT = LATCH
NC E E sD HIN ¢ Vs
vs [5] 0] HIN
Ve [¢] 9] voo sD »—%
Ho [7] 5] NC Loaic Vee
LN ﬁ— Lo
Vgg coM

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.
Copyright © Harris Corporation 1992
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Specifications HIP2500

Absolute Maximum Ratings Full Temperature Range Unless
Otherwise Noted, All Vottages Referenced to Vgg Unless Otherwise Noted.

Floating Supply Voltage, Vg ... ............ Vg-0.5V to Vg+18.0V
(Positive Terminal)

Floating Supply Voltage, Vg .. . ..........cooviii ot 500V
(Common Terminal)

High Side Channel Output Voltage, Vig .. ... ... -0.5V to Vg+0.5V

Fixed Supply Voltage, Vo -+« v vvveevveivnnnnnn -0.5V to 18.0V

Low Side Channel Output Voltage, Vg . .. .. ... -0.5V to Vg +0.5V

Logic Supply Voltage, Vpp + ++ oo vvvviniinnn, -0.5V to 18.0V

Logic Input Voltage, Viy « .. ..ot -0.5V to Vpp+0.5V

[HIN, LIN & SD (Shutdown)]

Thermal Characteristics

Thermal Resistance, Junction-to-Ambient 6ja
Plastic DIP Package ..............coecvvennn 85°C/W
Maximum Package Power Dissipation at +85°C
PlasticDIP Package ................ovvivinnnnnn. 470mwW
Junction Temperature Range ................. -40°C to +125°C
Storage Temperature Range, Tg............... -40°C to +150°C
Operating Ambient Temperature Range, Ty .. ..... -40°C to +85°C

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 op / of this specification is not implied.

Recommended DC Operating Conditions

Floating Supply Voltage, Vg .. .............. Vg+10V to Vg+15V  Low Side Channel Output Voltage, VLO . .. ........... 0Vto Vee
(Floating Terminal) Logic Supply Voltage, Vpp ..+« o vvvvvinniiiinn. 4V 1o Ve

High Side Channel Output Voltage, Vyo - . ............ 10Vto Vg Floating Supply Voltage, Vg .................... -4.0V to 500V
(With Respect to Vg) (Common Terminal)

Fixed Supply Voltage, Vg - -+« oo vvcviiiine e 10V to 15V

Electrical Specifications V¢ = (Vg-Vs) = Vpp = 15V, Com = Vss = 0 and T, = +25°C, Unless Otherwise Noted

PARAMETER SYMBOL MIN TYP MAX UNITS

DC CHARACTERISTICS

Quiescent V¢ Current lace - 1.5 1.9 mA
Quiescent Vgg Current lags - 300 400 HA
Quiescent Vpp Current laop - 0.1 1 nA
Quiescent Leakage Current I (500V) - 0.4 3.0 pA
Logic Input Pulldown Current, V,y = Vpp (HIN, LIN, SD) IN+ - 12 20 HA
Logic Input Leakage Current, Vy = Vgg (HIN, LIN, SD) IN- - 0 1 HA
Logic Input Positive Going Threshold Vmut+ 7.5 8.0 8.5 v
Logic Input Negative Going Threshold Vin- 5.5 5.9 6.3 v
Undervoltage Positive Going Threshold UV+ 8.0 9.35 9.99 v
Undervoltage Negative Going Threshold Uv- 7.7 9.05 9.69 A
Undervoltage Hysteresis (Vcc) UVHYS 350 - 450 mv

(Vee)
Undervoltage Hysteresis (Vgs) UVHYS (Vgs) 250 - 450 mV
Output High Open Circuit Voltage (HO, LO) Vour+ 14.95 15 - v
Output Low Open Circuit Voltage (HO, LO) Vour - - 0.05 \"
Output High Short Circuit Current (Sourcing) louT+ 1.65 2.1 - A
Output Low Short Circuit Current (Sinking) lour 1.85 23 - A
23 This page supersedes DB304 page 4-9




Specifications HIP2500

Switching Specifications

PARAMETER SYMBOL MIN TYP MAX UNITS
HIGH SIDE CHANNEL WITH 500V OFFSET, CL = 1000pF
High Side Turn-On Propagation Delay ton 320 420 525 ns
High Side Tum-Off Propagation Delay torr 300 385 450 ns
High Side Turn-On Rise Time | - 25 35 ns
High Side Tum-Off Fall Time t - 25 35 ns

LOW SIDE CHANNEL, CL = 1000pF

Low Side Tum-on Propagation Delay on 250 365 450 ns
Low Side Turn-off Propagation Delay torr 225 295 370 ns
Low Side Tum-on Rise Time tr - 25 35 ns
Low Side Tum-off Fall Time te - 25 35 ns
Shutdown Propagation Delay
High Side Shutdown tsoro 300 400 490 ns
Low Side Shutdown tsoLo 240 320 400 ns

HIGH SIDE CHANNEL WITH 500V OFFSET, CL = 1000pF

Tum-On Propagation Delay Matching M, 0 75 125 ns
(Between HO and LO)
Minimum On Output Pulse Width (HO, LO) PWouTMiny - 35 50 ns
Minimum Off Output Pulse Width (HO, LO) PWSTTMIN 275 440 590 ns
Minimum Input Pulse Width (ON) PWonminy - 100 145 ns
Minimum Input Pulse Width (OFF) PWorrMINy - 110 160 ns
Deadtime LO Turn-off to HO Turn-on DHton 95 125 155 ns
Deadtime HO Turn-off to LO Turn-on DLtoy -50 -20 0 ns
MAXIMUM TRANSIENT CONDITIONS
Offset Supply Operating Transient dVg/dt I - l - 1 50 I Vins
Logic Truth Table
HIN LIN UVy uv, SD HO Lo COMMENTS

0 0 0 0 0 0 0 Normal Off

0 1 0 0 0 0 1 Lower On

1 0 0 0 0 1 0 Upper On

1 1 0 0 0 1 1 Both On

X X X X 1 0 0 Chip Disabled

X X 1 1 X 0 0 Ve UV Lockout and Vgg Lockout

X 1 1 0 0 0 1 Vgs UV Lockout

1 X 0 1 0 1 0 Vec UV Lockout

24 This page supersedes DB304 page 4-10



HIP2500

Performance Curves

MAXIMUM POWER DISSIPATION vs TEMPERATURE

1.60

1

HIGH VOLT POWER DISSIPATION vs. SWITCHING FREQUENCY
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@D HARRIS HIP4011

October 1992 Three-Phase Brushless DC Motor Controller
Features Description
¢ 3A DC, 5A Peak Output Current The HIP4011 motor driver is intended for three phase

brushless motor control at continuous output currents up to

* 16V Max. Rated Supply Voltage 3A. It accepts inputs from buffered Hall effect sensors and

¢ Built-in “Free-Wheeling” Diodes drives three motor windings, regulating the current through
an external current sensing resistor, according to an analog

* Output dv/dt Limited to Reduce EMI control input. Output “freewheeling® diodes are built in and
« External Dynamic Brake Control Switch With output dv/dt is limited to decrease the generated EMI.
Undervoltage Sense Thermal and current limiting are used to protect the device

from locked rotor conditions. A brake control input forces all
Thermal & Current Limiting Protects Against Locked outputs to ground simultaneously to provide dynamic
Rotor Conditions braking, and an internal voltage sensor does the same when
the supply drops below a predetermined switch point. Power
down braking energy is stored in an external capacitor.

Provides Analog Current Sense & Reference Inputs

Decode Logic with lilegal Code Rejection

Applications Ordering Information
¢ Drive Spindle Motor Controller
PART TEMPERATURE
¢ 3¢ Brushless DC Motor Controller NUMBER RANGE PACKAGE
* Brushless DC Motor Driver for 12V Battery Powered [, 5,145 -40°C to +85°C 15 Pin Plastic SIP
Appliances Surface Mount
¢ Phased Driver for 12V DC Applications
¢ Logic Controlled Driver for Solenoids, Relays &
Lamps
Pinout OUTPUT TRUTH TABLE
15 LEAD PLASTIC SIP FORCE
TOP VIEW SENSOR BRAKE
INPUTS INPUT* OUTPUTS
15 ———> SGND = SIGNAL GROUND
14 ——— SPD = SPEED CONTROL A B c FBRK A B c
PGND PIN 13F——> SV+ =SIGNALV+
(TAB) MUST BE O 12— ISEN =ISENSE 0 0 0 0 OFF | OFF | OFF
ELECTRICALLY 10 BOAP = BRAKING CAPACITOR
—1 =
CONNECTED $_ : F——— PV+ =POWER V+ ! 0 0 0 T|OFF] O
—> ——> OUTB =OUTPUTB
S | R T AR HEA E N i
> RI
o) i — gyTC :(P)g;IpEURTvC 1 1 0 0 OFF 1 0
— + = +
3= SENC = SENSE INPUT C (U IV 0 OFF 0 [ 1
2——> SENB = SENSE INPUT B
N ~ V=5 SENA =SENSE INPUT A 1 o] 0 1 | o |oFF
0 1 1 0 0 |OFF| 1
1 1 1 0 OFF | OFF | OFF
X X X 1 0 0 0
* Undervoltage and Force Brake logic truth table
entries are identical.
“X" = Don't Care
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2939.2
oh ) ) _
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Specifications HIP4011

Absolute Maximum Ratings

Dissipation/Temperature Ratings

Supply Voltage, SV+0rPV+. . ... -1Vto 416V Power Dissipation (Note 3) . . ..............covvvnn .. 25W
Referred to SGND or PGND (Note 1) Junction Temperature Range, Operating ............... +150°C
Output Current, ContiNUOUS . . .. ..ot vttt vieieeee e, 3A  Storage Temperature Range. ................. -55°C to +150°C
Output Current, Peak (Note 2) . .. ........covevinnennnn... 5A
Substrate (PGND)Current. .. ......ccviriiieennennnnn, 1A
Logic InputCurrent. . ............covivunnn.. -20mA to +20mA
(Clamped to SV+ and SGND)
NOTES:

1. PV+ and SV+ are to be tied together, as are PGND and SGND.
2. Operating above the continuous current rating causes a decrease in operating life.
3. Derate power dissipation above case temperature of +75°C at 0.33 Watts/°C.

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.

Electrical Specifications T, = +25°C and SV+ = PV+ = 10.4V to 13.2V, Unless Otherwise Specified

LIMITS

CHARACTERISTIC TEST CONDITION MIN TYP MAX UNITS
SUPPLY (SV+) CURRENT
No Drive Outputs Off 10 mA
With Drive Outputs On 15 mA
LOGIC INPUT CURRENT
Sensor Inputs SENA, SENB & SENC = 0V to 3V -0.5 -1.5 mA
Brake Input FBRK = 0.8V to 2.4V 50 150 HA
LOGIC INPUT THRESHOLDS
Sensor Inputs Logic “0” Input Voltage 1.8 v
Sensor Inputs Logic “1” Input Voltage 3 v
Brake Input Logic “0” Input Voltage 0.8 \"
Brake Input Logic “17 Input Voltage 2.4 v
AMPLIFIER INPUT (SPD)
Bias Current 700 nA
Offset Voltage 3 mvV
Input Range (Linear) 0 1 \"
Input Impedance 1 MQ
SYSTEM BANDWIDTH (Note 1) 35 kHz
CURRENT LIMIT Rsense = 0.20Q 5 A
THERMAL LIMIT
Threshold 155 °C
Hysteresis 40 °C
OUTPUT DRIVERS
On Saturation (See Note 5) lout = 3A, Vpmos + Vnmos 2.2
On Saturation (See Note 5) lout = 0.6A, Vpmos + Vnmos 0.44 Vv
Off Leakage PV+ > Vout > PGND or Isen 1 mA
Slew Rate (See Note 2) 0.5 Vvius
FREEWHEEL DIODES
Forward Drop lout = 1A l 1.5 v

27 This page supersedes DB304 page 6-11




HIP4011

Electrical Specifications

Ta = +25°C and SV+ = PV+ = 10.4V to 13.2V, Unless Otherwise Specified {(Continued)

LIMITS
CHARACTERISTIC TEST CONDITION MIN TYP MAX UNITS
INTERNAL BRAKE DRIVER
Undervoltage Trip Point, PV+ (See Note 3) 2.7 3.3 \
Hysteresis (See Note 4) 40 60 %
On Saturation Each Nmos, lout = 3A 0.4 \"
BRAKE CAPACITOR (BCAP)
Discharge Leakage I SV+ = PV+ =3V to 12V, BCAP = 10V I 5 pA
NOTES:
1. The system bandwidth is fixed by an internal RC network around the amplifier.
2. Internal limiting of turn on and turn off drive is used to limit output dv/dt.
3. The braking action starts at the given trip point with a falling supply voltage.
4. Hysteresis causes the brake to be removed at a higher trip point with a rising supply voltage.
5. This value includes the combined voltage drops of one upper plus one lower switch at the indicated current.
Functional Block Diagram
SIGNAL N S N BCAP
ve O v » VBS (BRAKE 0L BRAKE
! V+ (SENSE REF) : _’_I‘_ :
\ Vs 14PVs
\ [ T9PV+ §-0 POWER V+
: {OUTA  MOTOR¢A
1 4 T
| G ]
\ '
§ A | MoToR 68
]
! DECODE t :
\ LoGIC . 10UTB
\ WITH “:@_ '8 1
\ ILLEGAL 9 E .
v CODE \
' REJECTION '
\ '
5 _t 1ouTC
5 t E 15 MOTOR ¢C
: CURRENT ] :12 ISEN
\ 1
\ % [ | ISEN
. T
\/ 7 . CURRENT
\ T3 t ' SENSE
HALL \ \ RESISTOR
SENSOR \ \ =
c ' {PGND
Force FBRK | THERMAL IngiamB
BRAKE 6 v SENSING — —
' ' SUBSTRATE
\ } ! GND
) 1}
\ 1}
IREF 14 |\ — Ry \
M- v ,
é L 39K :
T 1 ]
9 ' ,
siGnaL [ 15 | =
GND | SGND ' :

—l

THREE-PHASE BRUSHLESS CONTROLLER
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HIGH FREQUENCY POWER CONVERTERS

Authors: Rudy Severns, Springtime Enterprises
Hal Wittlinger, Harris Semiconductor

Introduction

Computers and telecom equipment are steadily becoming
more complex, providing ever higher levels of performance.
Simultaneously, the selling price for this equipment is being
driven ever lower by market competition. Integral to all of this
equipment is a power conversion system which converts the
incoming unregulated power from the utility, or other source,
to the multiple regulated voltages required by the equipment.
In present designs the power subsystem constitutes a
significant part of the equipment cost and volume.

The development of a unique power converter(s) for each
new system is a substantial cost item in the equipment
development. Frequently the equipment will have a variety of
configurations with differing power requirements. To save
development cost only a single design is often used to cover
a range of loads. The result is that many users have to pay
for capability not needed in their particular configuration.

One means to reduce power subsystem over capacity and
cost is to use a distributed power system where the power
processing functions are distributed within the system and
more power processing capacity is added as required when
more capability is installed. A typical distributed system will
have a central power processor which converts the raw input
power into a regulated DC bus. The central power processor
is relatively simple but it does provide for line isolation and
the safety requirements for the system. The central proces-
sor may be modular to allow for power scaling as the loads
change. Each board or group of boards within the equipment
has a small power processor which converts the DC bus to
the voltages required by that particular section of the equip-
ment. In general these board level converters are quite
simple and efficient. Frequently no DC isolation is required at
the board level which further simplifies the converters.

The use of multiple small power converters allows a custom
system to be designed using high volume, low cost, standard-
ized modules. In a complex system there can be substantial
cost savings.

Board space is always at a premium and the localized power
converters take up space. In general height is severely
constrained and the power converter has a low profile geome-
try which tends to increase the board area required. In order
to mirimize the area required, the switching frequency (fs) of
the converter is pushed as high as possible. The latest gener-
ation of systems [l use converters with fs in the low MHz.

In addition to minimizing board area there are other require-
ments placed on these converters. [2] The components must
be small enough for automated insertion and be low cost. All
of this has to be achieved without seriously reducing conver-
sion efficiency. Poor efficiency would increase the size and
cost of the input converter and create thermal problems
within the unit.

Overall these “simple” converters represent a significant
design challenge.

Converter Circuits For MHz Switching

Many possible circuit topologies exist which could be used.
They fall into three general categories: switchmode,
resonant and quasi-resonant. At the power levels typical of
board mounted converters (1 to 100W) single switch topolo-
gies are usually preferred for their lower cost. Examples of
typical single switch, PWM converters are shown in Figure 1.
A comparison of the switch, diode and capacitor voltages for
these circuits is given in Table 1. In general circuits with the
switch referenced to the ground node are preferred to
simplify the switch drive circuits. The boost, Cuk and SEPIC
circuits are non-isolated circuits with ground referenced
switches. The flyback and forward converters provide
isolation as well as multiple outputs with a single, ground
referenced switch. The price paid for using an isolating
transformer is higher cost and the increasing difficulty of
designing a high performance transformer as the frequency
is raised. The simpler non-isolated topologies are usually
preferred in a distributed system unless there are compelling
reasons to provide isolation.

TABLE 1. COMPONENT VOLTAGE STRESS FOR VARIOUS

TOPOLOGIES
CIRCUIT Vswitcn Vbiobe Vcourung

Buck ' ' N/A
Forward Vy/(1-D) Vo/(1-D) N/A
Boost Vo Vo NA
Flyback Vy/(1-D) Vo/D N/A
Buck-Boost Vi+Vo Vi+Vo N/A
SEPIC Vi+Vo Vi+Vo v,
Cuk V,+ Vo Vi+ Vo Vi+Vo

NOTE: V| = Input Voltage, Vo = Output Voltage, D = Duty Cycle

Copyright © Harris Corporation 1992
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Application Note 9208

The boost, Cuk and SEPIC circuits each have different
characteristics. The boost has a non-pulsating input current
and a pulsating output current. It can only make voltages
higher than the input bus. The Cuk converter has non-
pulsating input and output currents and it can generate
voltages either greater or less than the input voltage. The
non-isolated Cuk converter inverts the sign of the input
voltage. For the normal case of a positive DC bus, the Cuk
converter will only produce negative voltages. The SEPIC
converter is non-inverting and can generate voltages either
above or below the input. The input current is non-pulsating
but the output current is pulsating. Non-pulsating input and
output currents are desirable to minimize EMI and reduce
the need for additional filter elements.

The circuits in Figure 1 are considered “conventional” in that
they have been widely used for many years. These
topologies have first order input to output voltage transfer
functions M = Vo/V), such as D, 1/(1-D) or D/(1-D). Recent
work by Maksimovic [* 4 5! has shown that single switch
quadratic and even higher order topologies exist. Three
circuit examples are given in Figure 2. Quadratic circuits are
particularly useful when large input to output voltage ratios
are needed or a large variation in input voltage is present.

When implemented with discrete components the high
frequency performance of switchmode circuits is limited by
the parasitic inductance and capacitance normally present.
This is due to the very fast voltage and current transitions
required for efficient power conversion. One way to get

+y—l—‘ ~~ + +o—1—|ﬂ—§—}q—r—<- +.—rﬂ%\%—bi—1—<+
RERE R E IR D I..

BUCK,M=D

ER:EIEN
CUK, M =-D/(1-D)
1n
Il
|

FORWARD, M = nD

1..

BUCK-BOOST, M = -D/(1-D)

BOOST, M = 1/(1-D)

EICE I

SEPIC, M = D/(1-D)

‘ iﬁ}nﬁ i

FLYBACK, M = nD/(1 - D)

FIGURE 1. CONVERTER CIRCUITS, M = Vo/V,

" 3 T

M=Vo/V,
M = D?/(1 - D)

L

i

T.J

M = -D%(1 - D)

—o +

1L
1

M=1/(1-D)?

FIGURE 2. QUADRATIC CONVERTERS
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around these problems is to modify the circuit such that it
exploits the parasitic elements as part of normal operation. A
boost version of a zero voltage switching quasi-resonant
converter (ZVS-QRC) is shown in Figure 3. This is a typical
example of this class of circuit. Many others exist [6 7+ 8 9]
and most switchmode topologies can be implemented as
ZVS-QRC. This circuit operates quasi-resonant; i.e. during a
portion of the switching cycle the waveforms are sinusoidal
like a resonant converter and during other portions of the
switching cycle the waveforms are essentially straight line
segments like a non-resonant switchmode converter.

]

FIGURE 3. ZVS-QRC BOOST CONVERTER

+

The primary advantage of this topology is that the switch
turns on and off while the voltage across the switch is zero.
This translates to essentially zero switching loss and very
low stress during switching transitions. The inherent junction
capacitance of the switch is utilized as an active component
as well as the series package inductance. This enables the
switch to operate efficiently at very high frequencies
(10MHz+). A price has to be paid for this performance. The
converter can only be controlled by varying frequencies (fs).
This is a relatively simple control scheme to implement but
sometimes leads to EMI problems, particularly if the range of
variation of fs is large. If fixed frequency operation is desired
another switch must be added to the circuit. An additional
disadvantage is that the switch voltage will be much higher
than the input or output voltages. Peak switch voltages of 3
to 5 times the input voltage are typical. There are also
restrictions on the acceptable load ranges and the switching
frequency range can be large under some conditions.

Some improvement in performance can be obtained b
operating the converter in a ZVS-multiresonant mode [10: 111,
Two examples are given in Figure 4. In this topology both the
switch and the diode operate with low switching stress. This
circuit does however, still have many of the disadvantages of
the ZVS-QRC.

[

EETIIEE)

FIGURE 4. MULTI-RESONANT CONVERTERS

Because of their disadvantages this family of converters is
not usually employed until the operating frequency is so high
that more conventional approaches cannot be used.

Many resonant converters can also be used for very high fs
but in general they require more than a single switch and are
not normally advantageous for low power levels (<100W).

Using Switchmode Circuits at MHz Frequencies

One of the primary motivations for developing resonant and
quasi-resonant topologies has been to overcome the
problems associated with switchmode converters when they
are operated with high fs. While these approaches have
been helpful, in general some price must be paid. This often
takes the form of higher conduction losses, higher voltage
stress, more numerous and larger components, loss of PWM
control and limited load and input voltage ranges.

If the problems associated with high frequency operation can
be overcome then switchmode circuits are advantageous.
The limitations of switchmode converters for MHz operation
stem primary from the difficulty of switching rapidly enough
and the effect of parasitic components on the circuit
behavior. An example of the parasitics present in a typical
power stage is shown in Figure 5.

Cp

FIGURE 5. TYPICAL PARASITIC COMPONENTS

MOSFETs are inherently fast switching devices. If the input
capacitance can be charged quickly enough they are
capable of sub-nanosecond switching. However, in discrete
or even hybrid circuits, the parasitic inductance in the gate
and source connections limits the charge rate, increasing the
switching transition time. The parasitic inductance and
capacitance associated with the drain circuit causes voltage
and current ringing which can over stress the switch and
associated components, increase the switching loss and
create VHF radiated and conducted EMI.

For power levels typically used in distributed power systems,
a power IC manufactured with the Harris PASIC [12] (Power
Applications Specific Integrated Circuit) process is an excel-
lent way to minimize the parasitic elements that limit circuit
performance and increase the level of integration. Other
advantages of the PASIC technology is that the IC design
can provide on-chip temperature monitoring and high speed,
on-chip, current sensing. Moreover, on chip gate drivers help
reduce and confine gate drive current and parasitic
capacitance associated with external power transistors.
Because the switch and its drive circuitry can be integrated
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onto a very small area, nanosecond switching times are
readily achieved. For volume production the IC has the
advantage of much smaller size and lower cost than discrete
equivalents.

Some external power components will still be needed, but
they can be arranged to minimize parasitics. In the SEPIC
converter shown in Figure 5, C, would be a chip ceramic
capacitor and Dy would be a surface mounted Schottky
diode. Both of these components would be placed
immediately adjacent to the IC. Efficient and economical
1MHz designs using this concept are presently in volume
production.

It is possible to have floating or “high side” switches in the
PASIC process for use with the buck topology shown in
Figure 1. However, by using the SEPIC topology, the power
DMOS transistor source may be returned to ground. This
results in much simplified and efficient gate driving circuits.
Moreover, a shorted or open power transistor is not
detrimental to the load in the SEPIC topology. Because of
the load coupling capacitor and the switch being returned to
ground in the SEPIC topology, a shorted or open power
transistor will not place the full high voltage input voltage on
the load as in the buck topology. Besides the SEPIC topol-
ogy, there is a host of topologies that may be implemented
with a grounded source device, among them is the boost,
forward, flyback, Cuk, and quadratic topologies.

The SEPIC Converter

The boost, Cuk, flyback and forward converters are well
known to power supply designers and information on their
design is widely available ['3 14 d 15] The SEPIC topology
has however, not been widely used. The following informa-
tion is provided to familiarize designers with this circuit and
its characteristics.

The name SEPIC is an acronym for Single-Ended Primary
Inductance Converter. The circuit was first developed at
AT&T Bell laboratories [ in the mid 1970s. The intent of the
developers was to create a new topology with properties not
available in contemporary topologies. Of particular interest is
the ability to buck or boost the input voltage without inverting
voltage polarity.

A typical SEPIC circuit is shown in Figure 6A. This circuit
has three dynamic energy storage elements, Ly, L, and C,.
The behavior of any switchmode circuit is strongly depen-
dent on the continuity of the currents in the inductors and the
voltages on the capacitors. A number of different operating
modes are possible depending whether the inductor currents
and capacitor voltages are continuous or discontinuous. As
shown in Table 2, there are six possible inductor current
operating modes. The -C entries are for conditions where
one inductor current goes to zero before the other causing
that inductor current to reverse direction. The inductor
current is still continuous but the circuit behavior is different.
The -D entries are for conditions where one inductor current
goes negative and then a state exists where the two inductor
currents are constant. The modes shown in Table 2 assume
the voltage on C is constant (small ripple). An additional set
of modes is possible if the voltage on C, is discontinuous.

While all modes are possible, the usual operating mode is to
have the voltage on C continuous and either both L, and L,
in continuous conduction or both L, and L, in discontinuous
conduction. These two modes will be the only ones for which
the circuit behavior will be derived in this applications note
and will be referred to as the CCM and DCM modes, respec-
tively. There is a brief discussion of four other modes which
may be encountered.

] o1 3|
A \/
g/s, "T | s & o -o
L +
B. l [—l 3" L, cz LS l'o Vo
m I L +
3 lo Vi
C 1 |gT " Ly C;T lo -O
FIGURE 6. SEPIC CONVERTER
Table 2. SEPIC Operating Modes (C, and C, have small ripple)
INDUCTOR CONDUCTION MODE
L, ¢ C ¢ -D
L -C c -D c
CCM Circuit Operation

For this analysis it is assumed that both Cy and C, are
sufficiently large that the voltage ripple across them is small.
By tracing the DC path from V, through C,, L, L, and back
to V| we see that Vg4 = V|. By inspection it can be seen that
VCZ = Vo.

When S, is on, Dy is off and when Sy is off, Dy is on. This
means there are two circuit states during each switching
cycle. The two states are shown in Figures 6B and 6C.

When S, is closed, L, is directly across V, and |, is increas-
ing. Energy is being stored in L,. C is connected across L,
and I, is increasing. The energy in C, is being transtferred to
L,. lo is being maintained by C,.

When S, is opened, the energy in L, is discharged into C,
and C,. The energy in L, is discharged into C,. For CCM
operation some energy remains in Ly and L, (Iy and I, # 0).
At the end of the switching sequence S; is again closed and
the cycle repeated.

To make the following discussion easier to follow, the details
of the circuit analysis have been omitted. The equation
derivations can be found in the appendix.

The ratio of the output voltage to the input voltage and the
duty cycle are defined as:

Yo
vi

M= Equation 1
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e ton Equation 2

T

Where toy is the on time of S; and T = 1/fs, the switching
period.

D as a function of M is:

M

O=w+i

Equation 3
And M as a function of D is:
D

M 1-D

Equation 4

A graph of Equation 4 is given in Figure 7 with comparisons
to the buck, boost, Cuk and buck-boost converters. The
large signal input-to-output voltage ratio for the SEPIC is
identical to the Cuk and buck boost circuits except that there
is no polarity inversion. Vo may be either less than or greater
than V| depending on D.

TABLE 3. SEPIC CCM VOLTAGES AND CURRENTS

Expressions for the voltages and currents in other circuit
elements as a function of M, Vg and I are given in Table 3.
Note that the expressions for the peak value for Vi y and V|,
depend on whether M > 1 or M < 1. The expressions in Table
3 assume that Ly and L, are large with only small current
ripple. For the case where the inductors are opeiating close
the CCM-DCM boundary, the current waveforms will be
triangular rather than rectangular and the RMS values will be
approximately 15% higher.

The boundary between CCM and DCM modes will depend
on several variables. For a given load resistance (R =Vo/lg),
fs and M, the values for the critical inductances of Ly and L,

are:
Lic = [ }RL
Lo = [ ]RL

1

Equation 5
2ts (M2 + M)

1

Equation 6
2ts (M+ 1)

If the inductor values are higher than critical, then the
M VoV converter will operate in CCM. If the values for the inductors
" are less than critical then the converter will operate in DCM.
D YIE] The ratio of Lyg to Lyg is:
D L
M 1-D _2C _ M Equation 7
Lic
(1)Rms Mig ) . . .
A very important point here is that the currents in Ly and L,
go to zero simultaneously only if Ly/L; = M! If Vg is held
Vi Vo M2 1and VoM, M< 1 constant and V| is varied then the CCM-DCM transition wii
M3 occur at some other point and will involve an intermediate
Vg1 [ . ]Vo =Vg+Y, mode.
In distributed power systems V, is the DC bus and is
(Is1)ava Mig normally relatively well regulated so the M varies only over a
y g y
small range. In that type of an application, a smooth
(Is1)AMS | /Mz M trans~ition from both inductors in CCM to both ip QCM will pe
(¢} possible. If Ly/L; does not equal M then the circuit behavior
will be quite different.
Vo VoM =V, q
100 -
(Ic1)rms 1~+/M F= BUCK-BOOST, CUK AND SEPIC =
Of M ='D/(1-D) y i
1 [T | 1 1 y A
Vi Vo,M21and VoM =V, Ms 1 0l !
FE= M= 1/(1-D) BOOST 3= :
(2)rms lo £ } }
M+1 > 1
Voy [—M Vo = VotV 4 :
3 //
(lp1)ave lo 0.1 /
. Bucg
(Ip1)RMs logvM+1
0.01 I’
Ve Vo 0 01 02 03 04 05 06 07 08 09 1
DUTY CYCLE (D)
(Ic2)Rms 'oﬁ FIGURE7. VOLTAGE TRANSFER AS FUNCTION OF DUTY CY-
CLE FOR VARIOUS TOPOLOGIES
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If 1, reaches zero before |;, Dy will still be conducting
because of the current in Ly. This means there will be a
voltage across L, which reverses l,. This leads to two
additional operating modes. Current waveforms for the case
where 1,(T) > -I5(T) are shown in Figure 8. This mode
corresponds to the C, -C state in Table 2. Figure 9 shows the
waveforms for the case where I = -I; at t < T. In this mode,
when |, = -l5, D, drops out of conduction and a new operat-
ing state is introduced as shown. During this state (t; to T)
the inductor currents are constant (ideally) because the
voltage across C, cancels the input voltage. The conduction
mode shown in Figure 8 is a continuous conduction mode
but different from the continuous conduction mode where the
current is unidirectional in both inductors. In the mode shown
in Figure 9 the inductor currents are continuous but because
of the period of time where di/dt = 0 (t; to T) the circuit will
operate in a discontinuous mode. This mode corresponds to
the C, -D mode in Table 2.

Both of these modes, C, -C and C, -D, have different
characteristics from those mentioned in the previous
discussion of continuous mode operation. The conditions
where the current in Ly reaches zero before the current in L,
will be similar.

%
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1
T

-

FIGURE 8. INDUCTOR CURRENTS FOR Iy >-l, AT t=T
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CCM Circuit Example

The following numerical example is provided to give a feeling
for the component sizes and stresses in a typical application
for the SEPIC converter.

Let:

V| = 35V

Vo =12V

Po =50W

fs = 1MHz

From this it can be seen that:

lo=4.2A

R, =2.88Q

M=0.34

From Equations 5 and 6:

L1C = 32[1H

ch = 11uH

To operate weli within CCM and minimize the RMS currents
let:

L1 = sl.lH

L, = 1.7uH

These inductors could be a single layer, wound on small
powdered iron or NiZn ferrite cores. From the equations in
Table 3:

Vgy =47V

(Is1)rMs = 2.8A RMS

A MOSFET with BVpgg = 60V would be appropriate for S;.
Vpy= 47V

(Ip1)ava = 4.2A

A 60V Schottky diode could be used for D;.

VC1 = 35V

(Ic)ms = 2.4A RMS

For C, a 50V, 0.47 to 1uF, multilayer, ceramic chip capacitor
would be appropriate.

Veo = 12V

(Ic2)rms = 2.4A RMS

For C, a 25V, 1uF, ceramic chip capacitor would be appropriate.

FIGURE 9. INDUCTOR CURRENTS AT I; =, FORt<T
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DCM Circuit Operation

The following discussion assumes that Ly/L; = M and that
both inductors go into discontinuous conduction simulta-
neously.

Operation in the DCM mode adds an additional circuit state
as shown in Figure 10. At t = O, the point at which S, is
turned on, Iy and I, = 0. The current in both inductors will rise
until S turns off (Figure 10A). At that point the energy in the
inductors is discharged into the output (Figure 10B). When
the inductor currents reach zero, D, stops conducting and
the final state is assumed (Figure 10C). No current flows in
the inductors because the voltage on C4 cancels V.

The expressions for D and M are:
3
M
AP
LLM+1

st1

T = —
L RL

D = Equation 8

Where:
Equation 9

Equation 8 is only valid for D < 1. This sets an upper limit on
TL of:
M+

= Equation 10
MAX  5\,3

(T

Values of T greater than this limit mean that the converter is
operating in CCM for the particular value of M.

Graphs of Equation 8 is given in Figures 11 and 12. These
graphs illustrate the effect of varying load on the output

voitage forM>1andM < 1.
+V| -
| L2
Cy <L
X

Y 1L
B. S, OFF,D;ON V| _.‘—E C1 L,é" L
Te-

\4

A S;ON,D,OFF V| =

.35
+ -
T
Fa 11 )
i l
C. S;ANDD; OFF V, = < 3" 3
ly=lp=0 T T

FIGURE 10. SEPIC DCM CIRCUIT STATES L,L, =M
Coupled Inductor Operation

Referring to Figure 6, when S, is closed, the voltage across
both Ly and L, is equal to V,. From Figure 6B it can be seen
that for the remainder of the switching cycle the voltage
across Ly and L, is equal to V. Because these two voltages
are equal and in phase, L, and L, may be integrated into a
single magnetic structure with only one magnetic path, this is

referred to as a coupled inductor. A coupled inductor version
of the SEPIC topology ' is shown in Figure 13. This
topology has several advantages. The leakage inductance of
the coupled inductor can be arranged to effect zero current
ripple on the input with finite value of L. Because the turns
ratio between the windings is 1:1, there cannot be two
different values for Ly and L,. This does not lead to multiple
modes however. Because they are wound on a common
core, both windings are either conducting or not depending
on whether there is energy in the core or not. The circuit
operates either CCM or DCM.

1.0
0.9 y,
0.8 T =05 P4
5 o7 ;i(
W 06 Ty =10 e
£ os \\ / ,\»
Z o4 P Ty =01 |
3 TL=0.01
0.3 4\ ’I:,_.o.os1
02 r
0.1 —
0.0 I
00 01 02 03 04 05 06 07 08 09 1.0

M = Vo/V|

FIGURE 11. SEPIC CONVERTER IN THE DCM MODE FOR A
FAMILY OF LOAD PARAMETERS, T, WITH THE
VOLTAGE TRANSFER RATIO,M < 1
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FIGURE 12. SEPIC CONVERTER IN THE DCM MODE FOR A
FAMILY OF LOAD PARAMETERS, T, WITH THE
VOLTAGE TRANSFER RATIO,M < 8
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Appendix

SEPIC Equation Derivations for CCM and DCM
Operation CCM Operation

The following calculations are referenced to Figure 6.
For Cy and C, large: Vg =V, and Vg, = Vo

When S, is closed: Vi y=V 2=V,

When S, is open: V=V p=-Vg

By conservation of flux in the inductors:

Viton=Vo (T -ton) (A1)
For D = topn/T and M = V/V| Equation A1 reduces to:

M =D/(1- D) (A2)
Equation A2 can be inverted:

D=M/M+1) (A3)
Assuming that L; and L, are sufficiently large that
the current ripple is small and substituting A3

lo=(y+12) (1-D) = (Iy + )(1/(M + 1)) (A4)
For Power In = Power Out: (A5)

V||1 = Volo, M= Vdvl = |1/IO
Combining Equations A4 and A5:

Ih=lg (A6)
S; Voltage and Current
For S, open:

VS1 = VCI+ VO = V| + Vo (A7)
Restating in terms of M and Vq:

Vg1 = (1+ 1/M)Vg (A8)
For S, closed:

_ (A9)
(g9 g = U1+12) /D
Which reduces to:
_ 2 (A10)

('31)RMS = IOA/(M+M )
D1 Voltage and Current
By inspection:

(lpyave =lo (A11)
When S, is closed:

Vpi=Vi+ Vo =(1+1/M)Vo (A12)

Note the switch and diode have the same peak voltage.

Inductor Currents
(Il)ams =11 =Mip (A13)
(l2)Ams = lo (A14)
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This assumes small current ripple. If smaller inductors are
used such that the inductor currents are nearly triangular
(near the DCM-CCM boundary) the RMS current values will
be approximately 15% higher.

Capacitor Currents

(e1) s = [12(1-0)+1,2 (A15)
Which reduces to: (1) o = Io/M (A16)
(162) s = ﬁo"’o + (1 +1,—1)° (A17)
Which reduces to: (Igp) o\ = Io/M (A18)

Values for the Critical Inductances of L, and L,

For a given current, the critical inductance is the value for the
inductor that allows the current to just reach zero at the end
of the switching cycle. This is a special case of CCM.

L, Critical

The input current will be triangular. Ip = peak value of the
current:

l1p = 2l avg = 2MIig (A19)
lip =VilonL1 (A20)
ton=DT (A21)
fs=1/T (A22)

Combining Equations A19 - A22:

Lyc = [1/2fsM(M + 1)]R_ (A23)
A similar calculation for L, yields:

Loc = Ry/(2s(M + 1)) (A24)
DCM Analysis
For this analysis it will be assumed that:
Loo/lic=M (A25)

This means 1, and 1, go to zero simultaneously. The circuit
states shown in Figure 10 will be used for this analysis.

ty = ton = on time of S,

t, = the current fall time in the inductors

From conservation of flux in Ly and L,:

Vity =Votz (A26)
From conservation of charge in C (A27)
l1avatz = l2avati
From conservation of power: (A28)
Viliava = Volo
Derivation of Expressions for M and D
lip = Vity/Ly (A29)
| _, [g + ‘2}
1AVG 1P o7 (A30)
Combining Equation A27 through A30:
b = 2fsLy [ M3 ] (A31)
R M+ 1
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—— Part Number - Package Outline Designator

PART NUMBER PACKAGE DESCRIPTION PACKAGE OUTLINE
CA723E 14 Lead Dual-In-Line Plastic Package E14.3
CA723T 10 Lead TO-5 Style Package T10.A
CAT723CE 14 Lead Dual-In-Line Plastic Package E143
CA723CT 10 Lead TO-5 Style Package T10.A
CA1523E 14 Lead Dual-In-Line Plastic Package E14.3
CA1524E 16 Lead Dual-In-Line Plastic Package E16.3
CA1524F 16 Lead Frit Seal Ceramic Package F16.3
CA2524E 16 Lead Dual-In-Line Plastic Package E16.3
CA2524F 16 Lead Frit Seal Ceramic Package F16.3
CA3059 14 Lead Dual-In-Line Plastic Package E143
CA3079 14 Lead Dual-In-Line Plastic Package E143
CA3059H Dice N.A.
CA3079H Dice N.A.
CA3085, A, B 8 Lead TO-5 Style Package (TO-99) T8.A
CA3085S, AS, BS 8 Lead TO-5 Style with Dual-In-Line Formed Leads T8.B
CA3085E, AE, BE 8 Lead Dual-In-Line Plastic Package E8.3
CA3085H Dice N.A.
CA3165E 8 Lead Dual-In-Line Plastic Package E8.3
CA3165EI 14 Lead Dual-In-Line Plastic Package F143
CA3169 5 Lead Plastic Single-In-Line Package 25.067
CA3228E 24 Lead Dual-In-Line Plastic Package E24.6
CA3237E 9 Lead Single-In-Line Plastic Package Z9.1
CA3242E 16 Lead Dual-In-Line Plastic Package E16.3
CA3262E, AE 16 Lead Dual-In-Line Plastic Package E16.3
CA3262AQ 28 Lead Plastic Chip Carrier Package N28.45
CA3272 28 Lead Plastic Chip Carrier Package N28.45
CA3273 3 Lead Plastic Single-in-Line Package Z3.1A
CA3274E 8 Lead Dual-In-Line Plastic Package E8.3
CA3275E 14 Lead Dual-In-Line Plastic Package E143
CA3277E 16 Lead Dual-In-Line Plastic Package E16.3
CA3282AS1 15 Lead Plastic Single-in-Line Package (Staggered Z15.05A

Vertical Lead Form)
CA3282AS2 15 Lead Plastic Single-In-Line Package (Surface Z15.058
Mount “Gullwing” Lead Form)
CA3292Q 28 Lead Plastic Chip Carrier Package N28.45
CA3524E 16 Lead Dual-In-Line Plastic Package E16.3
CA3524F 16 Lead Frit Seal Ceramic Package F16.3
CA3524H Dice N.A.
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Part Number - Package Outline Designator (Continued)

PART NUMBER PACKAGE DESCRIPTION PACKAGE OUTLINE
HIPOOBOAM 28 Lead Plastic Chip Carrier Package N28.45
HIPOOB1AS1 15 Lead Plastic Single-In-Line Package Z15.05A

(Staggered Vertical Lead Form)
HIP0O081AS2 15 Lead Plastic Single-In-Line Package Z15.05B
(Surface Mount “Gullwing” Lead Form)
HIP1030AS 5 Lead Plastic Single-In-Line Package Z5.067
HIP2500IP 14 Lead Dual-In-Line Plastic Package E14.3
HIP4010MP 16 Lead Dual-In-Line Plastic Package E16.3
HIP40111S 15 Lead Plastic Single-In-Line Package 215.058
(Surface Mount “Gullwing” Lead Form)
HIP4080IP 20 Lead Dual-In-Line Plastic Package E20.3
HIP4080IB 20 Lead Small Outline Plastic Package M20.3
HIP5060DY Dice N.A.
HIP5060DW Wafer N.A.
HIP5061DS 7 Lead Plastic Single-In-Line Package Z7.05A
Staggered Surface Mount “Gullwing” Lead Form
HIP5062DY Dice N.A.
HIP5062DW Wafer N.A.
HIP5063DY Dice N.A.
HIP5063DW Wafer N.A.
HIP55001P 20 Lead Dual-In-Line Plastic Package E20.3
HIP55001B 24 Lead Small Outline Plastic Package M24.3
HIPS020AP 14 Lead Dual-In-Line Plastic Package E14.3
HIPS020AB 20 Lead Small Outline Plastic Package M20.3
HV3-2405E-5, -9 8 Lead Dual-In-Line Plastic Package E8.3
HV400CB, 1B 8 Lead Small Outline Plastic Package M8.15
HV400CP, IP 8 Lead Dual-In-Line Plastic Package E8.3
HV400Y Dice N.A.
ICL7644CPD, 45CPD, 14 Lead Dual-In-Line Plastic Package E14.3
46CPD, 47CPD
ICL7644CBD, 45CBD, 14 Lead Small Outline Plastic Package M14.15
46CBD, 47CBD
ICL7644IPD, 45IPD, 46I1PD, 14 Lead Dual-In-Line Plastic Package E14.3
47|PD
ICL7644IBD, 458D, 468D, 14 Lead Small Outline Plastic Package M14.15
471BD
ICL7660CTV, MTV 8 Lead TO-5 Style Package (TO-99) T8.A
ICL7660CBA 8 Lead Small Outline Plastic Package M8.15
ICL7660CPA 8 Lead Dual-In-Line Plastic Package E8.3
ICL7660SCBA, IBA 8 Lead Small Outline Plastic Package M8.15
ICL7660SCPA, IPA 8 Lead Dual-In-Line Plastic Package E8.3
ICL7660SCTV, ITV, MTV 8 Lead TO-5 Style Package (TO-99) T8.A
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Part Number - Package Outline Designator (Continued)

PART NUMBER PACKAGE DESCRIPTION PACKAGE OUTLINE
ICL7662CTV, MTV 8 Lead TO-5 Style Package (TO-99) T8.A
ICL7662CPA 8 Lead Dual-In-Line Plastic Package E8.3
ICL7662MCBD 14 Lead Small Outline Plastic Package M14.15
ICL7663SCBA, IBA 8 Lead Small Outline Plastic Package M8.15
ICL7663SCPA, IPA 8 Lead Dual-In-Line Plastic Package E83
ICL7663SCJA, IJA 8 Lead Frit Seal Ceramic Package F8.3
ICL7663SACPA, AIPA 8 Lead Dual-In-Line Plastic Package E8.3
ICL7663SACJA, AlJA 8 Lead Frit Seal Ceramic Package F8.3
ICL7665SCBA, IBA 8 Lead Small Outline Plastic Package M8.15
ICL7665SCPA, IPA 8 Lead Dual-In-Line Plastic Package E8.3
ICL7665SCJA, 1A 8 Lead Frit Seal Ceramic Package F8.3
ICL7665SACPA, AIPA 8 Lead Dual-In-Line Plastic Package E8.3
ICL7665SACJA, AlJA 8 Lead Frit Seal Ceramic Package F8.3
ICL7667CBA 8 Lead Small Outline Plastic Package M8.15
ICL7667CPA 8 Lead Dual-In-Line Plastic Package EB.3
ICL7667CJA, MJA 8 Lead Frit Seal Ceramic Package F8.3
ICL7667CTV, MTV 8 Lead TO-5 Style Package (TO-99) T8.A
iCL7673CPA 8 Lead Dual-In-Line Plastic Package E8.3
ICL7673CBA 8 Lead Small Outline Plastic Package M8.15
ICL7673ITV 8 Lead TO-5 Style Package (TO-99) T8.A
ICL8211CPA 8 Lead Dual-In-Line Plastic Package E8.3
ICL8211CBA 8 Lead Small Outline Plastic Package M8.15
ICL8211CTY, MTY 8 Lead TO-5 Style Package (TO-99) T8.A
ICL8212CPA 8 Lead Dual-In-Line Plastic Package E8.3
ICL8212CBA 8 Lead Small Outline Plastic Package M8.15
ICL8212CTY, MTY 8 Lead TO-5 Style Package (TO-99) T8.A
SP600 22 Lead Dual-In-Line Plastic Package E22.4
SP601 22 Lead Dual-In-Line Plastic Package E22.4
SP710AS 3 Lead Plastic Single-In-Line Package 23.1B
SP720AP 16 Lead Dual-In-Line Plastic Package E16.3
SP720AB 16 Lead Small Outline Plastic Package M16.15
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Package Outlines

Small Outline (SO) Plastic Packages
M8.15 (JEDEC MS-012-AA)

‘ ‘ '8 LEAD SMALL OUTLINE PLASTIC PACKAGE
H [B] 25 010 D 6 B) INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX | NOTES
A 0.0532 0.0688 1.35 1.75 -
Al 0.0040 0.0098 0.10 0.25 .
0.013 0.020 0.33 0.51 9

0.0075 | 0.0098 | 0.19 0.25 -

B
Cc
A hx s D 0.1890 | 0.1968 | 4.80 5.00 3
‘—] r_ E 0.1497 0.1574 3.80 4.00 4
L_ e 0.050 BSC 1.27 BSC -
< ‘/ H 0.2284 | 0.2440 5.80 6.20 -
A1 < c j h 0.0099 | 0.0196 0.25 0.50 5
(.10 (.004) L 0.016 0.050 0.40 1.27 6
.25 (.0100(M| C|AM|B N 8 8 7
o ° | e o | #& -
M14.15 (JEDEC MS-012-AB) M16.15 (JEDEC MS-012-AC)
14 LEAD SMALL OUTLINE PLASTIC PACKAGE 16 LEAD SMALL OUTLINE PLASTIC PACKAGE
INCHES MILLIMETERS INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX | NOTES SYMBOL MIN MAX MIN MAX | NOTES
A 0.0532 0.0688 1.35 1.75 - A 0.0532 0.0688 1.35 1.75 -
A1 0.0040 0.0098 0.10 0.25 - Al 0.0040 | 0.0098 0.10 0.25 -
B 0.013 0.020 0.33 0.51 9 B 0.013 0.020 0.33 0.51 9
C 0.0075 0.0098 0.19 0.25 - Cc 0.0075 0.0098 0.19 0.25 -
D 0.3367 0.3444 8.55 8.75 3 D 0.3859 0.3937 9.80 10.00 3
E 0.1497 0.1574 3.80 4.00 4 E 0.1497 0.1574 3.80 4.00 4
e 0.050 BSC 1.27 BSC - e 0.050 BSC 1.27 BSC -
H 0.2284 0.2440 5.80 6.20 - H 0.2284 | 0.2440 5.80 6.20 -

h 0.0099 0.0196 0.25 0.50 5 h 0.099 0.0196 0.25 0.50 5

L 0.016 0.050 0.40 1.27 6 L 0.016 0.050 0.40 1.27 6

N 14 14 7 N 16 16 7

o 0° ] 8° 0° [ 8° - o 0° 8° 0° 8° -
NOTES:

1. Refer to applicable symbol List. 7. “N" is the number of terminal positions.

2. Dimensioning and tolerancing per ANSI Y 14.5M-1982. 8. Terminal numbers are shown for reference only.

3. Dimension “D” does not include mold flash, protrusions or gate 9. The lead width “B”, as measured 0.36mm (0.014 inch) or greater
burrs. Mold flash, protrusions and gate burrs shall not exceed above the seating plane, shall not exceed a maximum value of
0.15mm (0.006 inch) per side. 0.61mm (0.024 inch).

4. Dimension “E” does not include interlead flash or protrusions. In-  10. Controlling dimension: MILLIMETER. Converted inch dimen-
terlead flash and protrusions shall not exceed 0.25mm sions are not necessarily exact.

(0.010 inch) per side.

5. The chamfer on the body is optional. If it is not present, a visual
index feature must be located within the hatched area.

6. “L™is the length of terminal for soldering to a substrate.
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Package Outlines

Small Outline (SO) Plastic Packages (Continued)

M20.3 (JEDEC MS-013-AC)
20 LEAD SMALL OUTLINE PLASTIC PACKAGE

N|

AAA

1.
2.
3.

© o N O

mj( r " {}MEBEM INCHES MILLIMETERS
e . — SYMBOLT MIN MAX MIN MAX | NOTES
A 0.0926 0.1043 2.35 2.65 -
l Al 0.0040 0.0118 0.10 0.30 -
B 0.013 0.020 0.33 0.51 9
SEATING PLANE C 0.0091 0.0125 0.23 0.32 -
D 0.4961 0.5118 | 12.60 13.00 3
- S
° A ‘] | hX4s E 02914 | 02992 | 7.40 7.60 2
ﬁ e 0.050 BSC 1.27 BSC -
S S 2 i—ﬂ NE 0.3%4 | 0419 | 10.00 | 1065 -
] l_m Al '( j h 0010 | 0029 | 025 0.75 5
8 ZST0 ooa) © T 0016 | 0050 | 040 127 3
.25 010 c AQ]B@] N 20 20 7
a 0° [ 8° 0° [ 8° -
NOTES: M24.3 (JEDEC MS-013-AD)
Refer to applicable symbol List. 24 LEAD SMALL OUTLINE PLASTIC PACKAGE
Dimensioning and tolerancing per ANSI Y14.5M-1982. INCHES MILLIMETERS
Dimension “D" does not include mold flash, protrusions or gate SYMBOL| MIN MAX MIN MAX | NOTES
burrs. Mold flash, protrusions and gate burrs shall not exceed A 0.0926 0.1043 2.35 2.65 n
0.15mm (0.006 inch) per side. ry, — AYTEr 010 030
. Dimension “E” does not include interlead flash or protrusions. In- b . . . -
terlead flash and protrusions shall not exceed 0.25mm B 0.013 0.0200 | 0.33 0.51 9
(0.010 inch) per side. ¢ 0.0091 | 0.0125 | 0.23 0.32 -
X The chamfer on the body is optic_)n;l. If it is not present, a visual D 0.5985 0.6141 | 15.20 15.60 3
index feature must be located within the hatched area.
“§n: X . E 0.2914 0.2992 7.40 7.60 4
. “L" is the length of terminal for soldering to a substrate.
. “N" is the number of terminal positions. e 0.050 BSC 1.27 BSC B
. Terminal numbers are shown for reference only. H 0.394 | 0419 | 10.00 10.65 -
. The lead width "B", as measured 0.36mm (0.014 inch) or greater h 0.010 0.029 0.25 0.75 5
g%ove the sezatir)g plane, shall not exceed a maximum value of L 0.016 0.050 0.40 1.27 6
. 1mm- (0.0' 4 inch). ‘ . N >4 >4 7
. Controlling dimension: MILLIMETER. Converted inch dimen- — 5 = =
sions are not necessarily exact. o 0 I 8 0 8 -
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Package Outlines

Dual-In-Line Plastic Packages

M E8.3 (JEDEC MS-001-AB)
_——I L 8 LEAD DUAL-IN-LINE PLASTIC PACKAGE
oo @ o 6 I INCHES MILLIMETERS
AREA vl | FIGURE 2 * |symoL| MmN MAX MIN MAX | NOTES
=2 | o A - 0.210 - 5.33 4
— Ej A 0.015 - 0.39 - 4
aase ] —_A\;—{ ' A 0.115 0.195 2.93 4.95 .
PAE L i B 0.014 0.022 0.356 0.558 -
el ' l ‘ sy 3 By 0.045 | 0070 | 1.15 177 9
01— Al 1 L C 0.008 | 0015 | 0204 | 0381 -
81 L_J o c D 0.348 0.430 8.84 10.92 5
-,, D, 0.005 - 0.13 - -
o Btz O <[+ [s6] E 0300 | 0325 | 762 | 825 6
FIGURE 1 Eq 0.240 0.280 6.10 7.1 5
e 0.100 BSC 2.54 BSC -
A 0.300 BSC 7.62BSC 6
ep - 0.430 - 10.92 7
L 0.115 0.160 2.93 4.06 4
8 8 8
E14.3 (JEDEC MS-001-AC) E16.3 (JEDEC MS-001-AA)
14 LEAD DUAL-IN-LINE PLASTIC PACKAGE 16 LEAD DUAL-IN-LINE PLASTIC PACKAGE
INCHES MILLIMETERS INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX NOTES SYMBOL MIN MAX MIN MAX NOTES
A - 0.210 - 5.33 4 A - 0.210 - 5.33 4
Ay 0.015 - 0.39 - 4 Ay 0.015 - 0.39 - 4
Ay 0.115 0.195 2.93 4.95 - Az 0.115 0.195 2.93 4.95 -
B 0.014 0.022 0.356 0.558 - B 0.014 0.022 0.356 0.558 -
B4 0.045 0.070 1.15 1.77 9 By 0.045 0.070 1.15 1.77 9
o] 0.008 0.015 0.204 0.381 - Cc 0.008 0.015 0.204 0.381 -
D 0.725 0.795 18.42 20.19 5 D 0.745 0.840 18.93 21.33 5
D1 0.005 - 0.13 - D1 0.005 - 0.13 - -
E 0.300 0.325 7.62 8.25 6 E 0.300 0.325 7.62 8.25 6
Eq 0.240 0.280 6.10 7.11 5 Eq 0.240 0.280 6.10 7.1 5
e 0.100 BSC 2.54 BSC - e 0.100 BSC 2.54 BSC -
e 0.300 BSC 7.62 BSC 6 ea 0.300 BSC 7.62BSC 6
eg - 0.430 - 10.92 7 eg - 0.430 - 10.92 7
L 0.115 0.160 2.93 4.06 4 L 0.115 0.160 2.93 4.06 4
N 14 14 8 16 16 8
NOTES:
1. Controlling Dimensions: Inch. In case of conflict between English 6. E and are measured with the leads constrained to be per-
and Metric dimensions, the inch dimensions control. pendicutar to plane C.
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 7. eg and ec are measured at the lead tips with the leads uncon-
3. Symbols are defined in the “MO Series Symbol List” in Section strained. €c must be zero or greater.
2.2 of Publication No. 95. 8. N is the maximum number of terminal positions.
4. Dimensions A, A, and L are measured with the package seated 9. Corner leads (1, N, N/2 and N/2 + 1) may be configured as
in JEDEC seating plane gauge GS-3. shown in Figure 2.

5. D and E, dimensions do not include mold flash or protrusions.
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm).
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Package Outlines

Dual-In-Line Plastic Packages (Continued)

<a-c-A — e R E20.3 (JEDEC MS-001-AF)
£ I - tE 20 LEAD DUAL-IN-LINE PLASTIC PACKAGE
noex 2 s wil | T R INCHES MILLIMETERS
S 5 FIGURE 2 u SYMBOL| MIN MAX MIN MAX | NOTES
= ° A - 0.210 - 5.33 P
l*— £ -*} ry 0.015 - 0.39 - )
m\_ (- @:} ! Az 0.115 | 0195 | 293 4.95 .
st =T T [ B 0.014 | 0022 | 0356 | 0.558 -
e l . ) B, 0.0450 | 0070 [ 1.55 1.77 9
01— - L Y C 0.008 | 0015 | 0204 | 0381 :
& L— 0] . D 0.925 | 1.060 | 235 26.9 5
. s D1 0.005 - 0.13 - -
E 0.300 0.325 7.62 8.25 6
FIGURE 1 E, 0.240 0.280 6.10 7.11 5
e 0.100 BSC 2.54 BSC -
ea 0.300 BSC 7.62 BSC 6
e - 0.430 - 10.92 7
L 0.115 0.160 293 4.06 4
20 20 8
E22.4 (JEDEC MS-010-AA) E24.6 (JEDEC MS-011-AA)
22 LEAD DUAL-IN-LINE PLASTIC PACKAGE 24 LEAD DUAL-IN-LINE PLASTIC PACKAGE
INCHES MILLIMETERS INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX NOTES SYMBOL MIN MAX MIN MAX NOTES
A - 0.210 - 5.33 4 A - 0.250 - 6.35 4
Aq 0.015 - 0.39 - 4 A 0.015 - 0.39 - 4
Ay 0.125 0.195 3.18 4.95 - Az 0.125 0.195 3.18 4.95 -
B 0.014 0.022 0.356 0.558 - B 0.014 0.022 0.356 0.558 -
B, 0.030 0.070 0.77 1.77 9 B4 0.030 0.070 0.77 1.77 9
o] 0.008 0.015 0.204 0.381 - C 0.008 0.015 0.204 0.381 -
D 1.050 1.120 26.67 28.44 5 D 1.150 1.290 29.3 32.7 5
Dy 0.005 - 0.13 - - D1 0.005 - 0.13 - -
E 0.390 0.425 9.91 10.79 6 E 0.600 0.625 15.24 15.87 6
E, 0.330 0.380 8.39 9.65 5 Eq 0.485 0.580 12.32 14.73 5
e 0.100 BSC 2.54 BSC - e 0.100 BSC 2.54 BSC -
e 0.400 BSC 10.16 BSC 6 =) 0.600 BSC 15.24 BSC 6
e - 0.500 - 12.70 7 e - 0.700 - 17.78 7
L 0.115 0.160 2.93 4.06 4 L 0.115 0.200 2.93 5.08 4
N 22 22 8 24 24 8
NOTES:
1. Controlling Dimensions: Inch. In case of conflict between English 6. E anq m are measured with the leads constrained to be per-
and Metric dimensions, the inch dimensions control. pendicutat to plane C.
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 7. eg and €¢ are measured at the lead tips with the leads uncon-
3. Symbols are defined in the “MO Series Symbol List” in Section strained. 6 must be zero or greater.
2.2 of Publication No. 95. 8. N is the maximum number of terminal positions.
4. Dimensions A, A, and L are measured with the package seated 9. Corner leads (1, N, N/2 and N/2 + 1) may be configured as
in JEDEC seating plane gauge GS-3. shown in Figure 2.

5. D and E1 dimensions do not include mold flash or protrusions.
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm).
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Package Outlines

Single-In-Line Plastic Packages (SIP)

—

= /—-rsss TAB DETAIL
f—

<
T }
&
¢ (§1024/0.61 B

TYP ALL LEADS

e

iy

TERMINAL #1 | TERMINAL N

i ¢ ¢ (FIF 01570 BOLED
L

s

1

TAB DETAIL

NOTES:
1. Refer to series symbol list, JEDEC Publication No. 95.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1982.
3. Nis the number of terminals.
4. Controlling dimension: Inch.

«wer) O O (| ]
T = e
Q) 8 o =l e

s
&=
NOTES:

1. Refer to series symbol list, JEDEC Publication No. 95.

2. Dimensioning and Tolerancing per ANSI Y14.5M - 1982.

3. Nis the number of terminals.

4. Lead surfaces within 0.004 inch of each other. No lead can be
more than 0.004 inch from header plane.

. Controlling dimension: Inch

Z15.05A (JEDEC MO-048 AB)

15 LEAD PLASTIC SINGLE-IN-LINE PACKAGE

STAGGERED VERTICAL LEAD FORM

INCHES MILLIMETERS
symBoL | MIN MAX MIN MAX
A 0.172 0.182 437 4.62
B 0.024 0.031 061 0.79
C 0.014 0.024 0.36 0.61
D 0.778 0798 | 19.76 2027
E 0.684 0694 | 17.37 17.63
E, 0.416 0.426 | 1057 10.82
E; 0.110 BSC 279 BSC
) 0.050 BSC 127 BSC
Y 0.200 BSC 5.08 BSC
o, 0.169 BSC 429BSC
es 0.700 BSC 1778 BSC
F 0.057 0.063 145 1.60
0.150 0.176 3.81 447
L 0.690 0710 | 1753 18.03
N 15 15
P 0.148 0.152 3.76 3.86
R, 0.065 0.080 165 2.03
Z15.05B
15 LEAD PLASTIC SINGLE-IN-LINE PACKAGE
SURFACE MOUNT ‘GULLWING’ LEAD FORM
INCHES MILLIMETERS
symBoL | MIN MAX MIN MAX
A 0.172 0.182 4.37 462
B 0.020 0.024 0.31 0.61
B, 0.024 0.031 0.61 0.79
c 0.018 0.024 0.46 0.61
D 0.778 0798 | 19.76 2027
E 0.684 0694 | 17.37 17.63
E, 0.416 0.426 | 1057 10.82
E, 0.110 BSC 2.79BSC
) 0.050 BSC 127 BSC
o3 0.700 BSC 17.78 BSC
F 0.057 0.063 145 1.60
N 15 15
P 0.148 0.152 376 3.86
R, 0.065 0.080 165 2.03
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Package Outlines

Single-In-Line Plastic Packages (SIP) (Continued)

Z5.067 (JEDEC TS-001)

as 5 LEAD PLASTIC SINGLE-IN-LINE PACKAGE
jee—E —— A f—

) ‘ INCHES MILLIMETERS
} Y3 T A SYMBOL MIN MAX MIN MAX

F_{;( ——f [ A 0.165 0.190 2.19 4.62

' A, 0.035 0.055 0.89 1.39

L o r A 0.085 0.115 2.16 2.92
L_ J | b 0.020 0.040 0.51 101

L a2 ! 3 0.012 0.025 0.31 0.63
D 0.570 0625 | 14.48 15.87

D, 0.330 0.370 8.39 9.39

i ! ) 0.067 BSC 170 BSC

] E 0.390 0.415 9.91 10.54
€ —= c -l L 0.945 1.045 | 24.00 26.54

b —— — Ao L 0.465 0533 | 11.81 13.69
P 0.139 0.156 353 3.96

NOTES:

1. Refer to applicable symbol list.
2. Dimensioning and tolerancing per ANSI Y14.5M, 1982.
3. Controlling dimension: inch.

.
C 29.1
I 9 LEAD SINGLE-IN-LINE PLASTIC (SIP)
Noex o ‘: INCHES MILLIMETERS
| L symeoL | MIN MAX MIN MAX
4 A - 0.140 - 3.56
A, 0090 | 0120 | 229 3.05
L B 0014 | 0020 | 036 0.51
wos | . J. L—J B 0.050 | 0065 | 127 1.65
o080 o Les xSl ¢ nomn c 0008 | 0012 | 020 0.30
® T TR D 0845 | 0885 [2147 | 22.48
E, 0240 | 0260 | 6.10 6.61
) 0.100 BSC 2.54 BSC
L 0.125 0.150 3.18 L 3.81
N 9 9
NOTES:

1. A maximum of 0.013 inch on the lead thickness is to be
maintained after solder coating on the narrow portion of

the lead.

2. Lead within 0.010 inch radius of true position (TP) with
maximum material condition.

3. Controlling dimension: Inch
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Package Outlines

Single-In-Line Plastic Packages (SIP) (Continued)

Z3.1A (JEDEC TO-202 MODIFIED)

f °_T 3 LEAD PLASTIC SINGLE-IN-LINE PACKAGE
i‘ t INCHES MILLIMETERS
B 1 1 symBoL|[ MIN MAX MIN MAX | NOTES
T H A - 0.050 - 1.270 1
ol b 0.023 0029 | 0584 | 0736 -
f—G1 i L | b, 0.045 0.055 1.143 1.397 1
'-1—‘52:‘7. u by ¢ 0.018 | 0026 | 0457 | 0.660 -
|| 3 E 0.130 0.150 | 3302 | 3810 -
[ —— _T"f i} o 0.095 | 0105 | 2413 | 2667 .
.Z::,_.l oy H g 8 0180 | 0210 | 4826 | 5334 .
E_——————‘ :L_ _{ ﬂ G, 0.220 0.260 | 5588 | 6.624 -
¥ G, 0.415 0.425 | 10.54 10.80 -
a8 b H 0.330 0.380 8.362 9.652 -
L 0.390 0450 | 9.906 | 11.43 .
L, - 0.110 - 2.794 1,2
Q 0.039 0.050 | 0.990 1270 .
oy - 50° - 50° 1
NOTES:
1. Package contour optional within dimensions specified.
2. Lead dimensions uncon trolled in this zone.
A Z3.1B (JEDEC T0O-220AB)
o . 3 LEAD PLASTIC SINGLE-IN-LINE PACKAGE
' INCHES MILLIMETERS
L —> fe—rF symBoL| MIN MAX MIN MAX | NOTES
o . A 0.140 0.190 | 356 4.82 -
\7-\ 3 b 0.015 0.040 | 038 102 -
T N *1 " b, 0.045 0.070 1.14 177 .
( ¢ 0.014 0.022 | 036 0.56 -
0 0.560 0625 | 14.23 15.87 -
_Ea_ 1= % 0.380 0.420 [ 9.66 10.66 -
:l Ha e 0.090 0110 | 229 2.79 2
| , 4 ) 0190 | 0210 | 483 | 533 2
!1 o fo- E, - 0.030 - 0.76 -
i wiamd F 0.020 0.055 0.51 1.39 -
H, 0.230 0270 | 585 6.85 -
L | H, - 0.165 - 419 N
el ks P | J; 0.080 | 0.115 | 2.04 2.92 -
e A T L 0500 | 0562 | 1270 | 1427 ]
\ w 2 I L y 0 - 0.250 - 6.35 :
1 — e oP 0.139 | 0.153 | 3.53 3.89 ;
Q 0.100 0.135 | 2.54 343 N
NOTES:

1. These dimensions are within allowable dimensions of revision J of

JEDEC TO-220AB outline dated 3-24-87.

2. Position of lead to be measured 0.250 - 0.255 (6.350 - 6.477mm)
from case.
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Package Outlines

Single-In-Line Plastic Packages (SIP) (Continued)
Z7.05A

|‘ ————! 7 LEAD PLASTIC SINGLE-IN-LINE PACKAGE
! . STAGGERED SURFACE MOUNT “GULLWING” LEAD
0 _Jlr 3 — T ) o INCHES MILLIMETERS
: I SYMBOL MIN MAX MIN MAX
! I — n A 0.160 | 0.190 | 4.06 483
! MR T T B 0023 | 0037 | 058 0.94
- L]
!> o = J c 0015 | 0.022 | 038 0.56
. D 0.385 0.415 9.78 10.54
E 0.560 0.590 | 14.22 14.99
6 E, 0.326 0.332 8.28 8.43
T © souwer a0 E, 0.103 0.113 2.62 2.87
I : e 0.045 0.055 1.14 1.40
s ,—I—:—]—T o 0295 | 0.305 | 7.49 7.75
W T ) vocem somon gora F 0.045 0.055 1.14 1.40
N 7 7
P 0145 | 0456 ] 368 [ 398
NOTES:

1. Refer to applicable symbol list, JEDEC Publication No. 95.
2. Dimensioning and tolerancing per ANSI Y14.5M, 1982.
3. Nis the number of leads.

4. Controlling dimension: Inch.

Plastic Leaded Chip Carrier Packages

0.042 (1.07) 0.042 (1.07) N28.45 (JEDEC MO-047AB)
- PIN (1) IDENT oose iR eEswgiTe 28 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE
RN 0.028 (0.64) INCHES MILLIMETERS
$ 5.048(1.74)"
— ] - SYMBOL| MIN MAX MIN MAX | NOTES
S S S : A 0.165 0.180 [ 4.20 4.57
. 'y : ‘f—‘ .: . . v o -
q \/O b ) ewen A, 0.090 0.120 229 3.04 -
; R
; ! T — D 0485 | 0495 | 1232 | 1257 -
U | B D, 0450 | 0456 | 11.430 | 11.582 2
q p D, 0.390 0.430 9.91 10.92 1
g | 1 WTERT0 Centen | D, 0.300 REF 7.62 BSC -
g ' 4 E 0.485 0.495 12.32 12.57 -
£ 1] e erembrerorarry E, 0450 | 0456 | 11.430 | 11.582 2
L ‘L 0 J b G021 E, 03% | 0430 | 991 10.92 1
h#——————————— D1 N
. ._‘_.13 Es 0.300 REF 7.62 BSC
SEATING N 28 28 3
0.020 (0.51) MAX PLANE
Ipics 0.026 (0.66) NOTES:
0.032 (0:47) [2:2+3:‘;—;§§{ 1. To be determined at seating plane.
== - 2. Dimensions D, and E, do notinclude mold protrusions. Allowable
L_o.nzs (0.64) mold protrusion is 0.254mnv0.010 inch.
ARE MILLIMETER EQUIVALENTS LLIUED N . . . "
OF THE BASIC INCH DIMENSIONS N, . 3. “N" is the number of terminal positions.
VIEW “A" TYP. 4. Controlling dimenstion: inch.
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Package Outlines

Dual-In-Line Frit-Seal Ceramic (Cerdip) Packages

si _lf 0 \ '—7 E ——} : féio FRIT SEAL CERAMIC PACKAGE
INCHES MILLIMETERS
%ﬁﬁ Q SYMBOL MIN MAX MIN MAX | NOTES
:r[—| /{‘ A - 0.200 - 5.08 -
t H LI L g j \/ b 0.014 0.023 0.36 0.58 8
' L4 b, 0.045 0.065 1.14 1.65 2,8
b1 l— S (o] 0.008 0.015 0.20 0.38 8
e - 0.410 - 10.41 4
b E 0220 | 0310 | 559 7.87 4
E, 0.290 0.320 7.37 8.13 7
e 0.100 BSC 2.54 BSC 5
L 0.125 0.200 3.18 5.08 -
Ly 0.150 - 3.81 - -
N 8 8 9
Q 0.015 0.060 0.38 1.52 3
S - 0.065 - 1.65 6
Sy 0.005 - 0.13 - 6
o 0° 15° 0° 15° -
NOTES: F16.3
1. Index area; a notch or a lead one identification mark shall be lo- 16 LEAD FRIT SEAL CERAMIC PACKAGE
cated adjacent to lead one. The manufacturer’s identification INCHES MILLIMETERS
shall not be used as a lead one identification mark. SYMBOL MIN MAX MIN MAX NOTES
2. :;r:ec :\::ler:uljer:(;?: ’:gr dimension by may be 0.023 inch (0.58mm) A - 0.200 - 5.08 .
3. Dimension Q shall be measured from the seating plane to the b 0.014 0.023 036 0.58 8
base plane. by 0.045 0.065 1.14 1.65 2,8
4. This dimension allows for off-center lid, meniscus, and glass (o] 0.008 0.015 0.20 0.38 8
5 ::er:;sm. I ing is 0.100 inch (2.54mm) betw, t D - 0840 - 2% :
" lnes. Ea'cche?eisp::r‘:t‘gr:;e' shall be foc'axerzm&m‘?n £0.010 Inch E 0220 | 0310 ) 559 7.87 4
(0.25mm) of its exact longitudinal position relative to leads 1 and Ey 0.290 0.320 7.37 8.13 7
N. ° 0.100 BSC 2.54 BSC 5
6. Applies to all four corners. L 0.125 0.200 3.18 5.08 N
7. E4 shall be measured at the center of the lead bends. » 0.150 N 381 " .
8. All leads increase maximum limit by 0.003 inch (0.08mm) mea-
sured at the center of the flat, when lead finish A is applied. N 16 16 9
9. Nis the maximum quantity of lead positions. Q 0.015 0.060 0.38 1.52 3
S - 0.080 - 2.03 6
Sy 0.005 - 0.13 - 6
o o° 15° 0° 15° -
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Package Outlines

TO-5 Style Packages
T8.A
0 8 LEAD TO-5 STYLE PACKAGE (T0-99)
l-— 90, _.I INCHES MILLIMETERS
SYMBOL| MIN | MAX MIN | MAX | NOTES
A Fia, _Ar a 0.200 TP 5.8 1P 1
gﬂs’&"\ _I i [Li 2 A, 0.010 | 0050 | 0.26 127 -
SEATING A 0.165 0185 | 4.20 4.69 .
PLANE -n- m - L2 L3 o5 0.016 | 0019 | 0407 | 0482 2
PLU&E ﬂ] [] U 2B, 0.110 | 0160 | 279 4.06 -
98 0B, 0.016 0.021 0.407 0.482 2
98 oD 0.335 0.370 8.51 9.39 -
oD, 0.305 0335 | 7.75 8.50 -
F, - 0.040 - 1.01 .
J 0.028 0034 | 0712 | 0.863 -
0.027 0045 | 0.69 1.14 3
L 0.000 0050 | 0.000 | 1.27 2
L 0.250 0500 | 6.4 127 2
Ls 0.500 0.562 | 127 14.27 2
a 45° TP 45°TP -
N 8 8 5
N, 3 3 4
T10.A (JEDEC MO-006-AF) T12.A (JEDEC MO-006-AG)
10 LEAD TO-5 STYLE PACKAGE 12 LEAD TO-5 STYLE PACKAGE
INCHES MILLIMETERS INCHES MILLIMETERS
SYMBOL| MIN | MAX MIN | MAX |NOTES| |SyMBOL] MIN | EAX MIN | MAX | NOTES
a 0.230 TP 5.84 TP 1 a 0.230 TP 584 TP 1
A 0 0 0 0 - A, 0 0 0 0 -
A, 0.165 0.185 | 419 4.70 - A, 0.165 0.185 | 4.19 470 -
o8 0.016 0.019 | 0407 | o0.482 2 % 0.016 0.019 | 0.407 | 0482 2
oB, 0 0 0 0 - 2B, 0 0 0 0 -
2B, 0.016 0.021 0.407 | 0533 2 2B, 0.016 0.021 0407 | 0533 2
oD 0.335 0370 | 851 9.39 - oD 0.335 0370 | 8.51 9.39 -
D, 0.305 0335 | 7.75 8.50 - oD, 0.305 0335 [ 7.75 8.50 -
F, - 0.040 - 1.01 - Fi 0.020 0.040 | 0.51 1.01 -
J 0.028 0.034 | 0712 | 0.863 - J 0.028 0.034 | 0712 | 0.863 -
0.029 0045 | 074 1.14 3 0.029 0.045 | 074 1.14 3
L, 0.000 0050 | 0000 | 127 2 L 0.000 0050 | 0000 | 127 2
[ 0.250 0500 | 6.4 127 2 L 0.250 0500 | 6.4 127 2
Ls 0.500 0.562 | 12.7 14.27 2 Ls 0.500 0562 | 127 14.27 2
a 36°TP 36° TP - a 30°TP 30°TP -
N 10 10 5 N 12 12 5
N, 1 1 4 N, 1 1 4
NOTES:

Refer to Rules for Dimensioning (JEDEC Publication No. 95) for 3. Measure from maximum @D.

Axial Lead Product Outlines. N1 is the quantity of allowable missing leads.
1. Leads atgauge plane within 0.007 inch (0.178mm) radius of True 5. N is the maximum quantity of lead positions.

Position (TP) at maximum material condition.

2. @B applies between L1 and L2. @B2 applies between L2 and
0.500 inch (12.70mm) from seating plane. Diameter is uncon-
trolled in L1 and beyond 0.500 inch (12.70mm).

>
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Package Outlines

TO-5 Style Packages (Continued)

T8.B
8 LEAD TO-5 STYLE WITH DUAL-IN-LINE FORMED LEADS
(DILCAN)
.335 - 370
(8.51 - 9.39)
DIA.
.185 MAX
305 - .335
G5 850 (4.70 MAX)
DIA. .070-.150
i03195-1.025_;)) (.78 -3.81)
-39- 1. .120-.150
1 (3.05-3.81)

Toeten ¥
125-.160
FYC S a7 8
{1407 -.482) DIA.
DIA, A0
.2001(5.08) 1. _f\Y .300 £.015
PIN CIRCLE ] 5] (7.62 £.381)
8k
,100 010
(2.54 +.254) T—
(3 SPACES) 300 *.010
— (T.62% 254)
NON CUMULATIVE
) o Inches
All Dimensions Given in:

“(Milimeters)
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