CS51033

Fast P-Ch FET Buck
Controller

The CS51033 is a switching controller for use in DC-D
converters. It can be used in the buck topology with a minimum
number of external components. The CS51033 consists of a 1.0 A
power driver for controlling the gate of a discrete P—Channel
transistor, fixed frequency oscillator, short citcprotection timer,
programmable Soft-Start, precision reference, fast output voltage
monitoring comparator, and output stage driver logic with latch.

The high frequency oscillator allows the use of kmductors and
output capacitors, minimizing PC board area and systems cost. The
programmablé&oft—Start reduces current surges at start upshbe
circuit protectiortimer significantly reduces the P-Ch FET duty cycle
to approximately 1/30 of its normal cycle during short circuit
conditions.

Features

® 1.0 A Totem Pole Output Driver

e High Speed Oscillator (700 kHz max)
No Stability Compensation Required
Lossless Short Circuit Protection
2.0% Precision Reference
Programmable Soft-Start

Wide Ambient Temperature Range:
+ Industrial Grade: -4 to 85C
+ Commercial Grade:*C to 70C
Pb-Free Packages are Available

ON Semiconductor®
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Figure 1. Typical Application Diagram
MAXIMUM RATINGS
Rating Value Unit
Power Supply Voltage, Vcc 5.0 \%
Driver Supply Voltage, V¢ 20 \%
Driver Output Voltage, VgaTe 20 \Y
Coscs CS, Vig (Logic Pins) 5.0 \%
Peak Output Current 1.0 A
Steady State Output Current 200 mA
Operating Junction Temperature, T; 150 °C
Storage Temperature Range, Tg —65 to 150 °C
ESD (Human Body Model) 2.0 kv
Package Thermal Resistance, Junction-to-Case, Rgjc 45 °C/wW
Junction—-to—Ambient, Rgja 165 °C/IW
Lead Temperature Soldering: Reflow (SMD styles only) (Note 1) 230 peak °C

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit
values (not normal operating conditions) and are not valid simultaneously. If these limits are exceeded, device functional operation is not implied,

damage may occur and reliability may be affected.
1. 60 sec. max above 183°C.
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CS51033

ELECTRICAL CHARACTERISTICS (Specifications apply for 3.135 < V¢ <3.465,3.0 V<V <16V,
Industrial Grade: —40°C < Tp < 85°C; —40°C < T; < 125°C: Commercial Grade: 0°C < Tp < 70°C; 0°C < T; < 125°C, unless otherwise specified.)

Characteristic Test Conditions | Min | Typ | Max | Unit |

Oscillator V=12V

Frequency Cosc =470 pF 160 200 240 kHz

Charge Current 1.4V <Vcosc <20V - 110 - A

Discharge Current 27V >Vcosc>20V - 660 - A

Maximum Duty Cycle 1 - (torrton) 80.0 83.3 - %
Short Circuit Timer Veg =1.0V; CS=0.1 uF; Veosc = 2.0V

Charge Current 10V<Vcg<20V 175 264 325 A

Fast Discharge Current 255V>Vcg>24V 40 66 80 A

Slow Discharge Current 24V >Ves>15V 4.0 6.0 10 A

Start Fault Inhibit Time - 0.70 0.85 1.40 ms

Valid Fault Time 26V>Veg>24V 0.2 0.3 0.45 ms

GATE Inhibit Time 24V >Vcs>15V 9.0 15 23 ms

Duty Cycle - 2.5 3.1 4.6 %
CS Comparator V=10V

Fault Enable CS Voltage - - 2.5 - \%

Max CS Voltage Veg =15V - 2.6 - \Y

Fault Detect Voltage Vs when GATE goes high - 2.4 - \%

Fault Inhibit Voltage Minimum Vcg - 15 - Vv

Hold Off Release Voltage Veg =0V 0.4 0.7 1.0 Vv

Regulator Threshold Voltage Clamp | Vcg=1.5V 0.725 0.866 1.035 Vv
Veg Comparators V cosc=Vecs =20V

Regulator Threshold Voltage T;=25°C (Note 2) 1.225 1.250 1.275 Vv

Ty=-401t0 125°C 1.210 1.250 1.290 \Y
Fault Threshold Voltage T;=25°C (Note 2) 1.12 1.15 1.17 Vv
T;=-40t0 125°C 1.10 1.15 1.19 \%

Threshold Line Regulation 3.135V < V¢ £3.465 - 6.0 15 mV

Input Bias Current VEg =0V - 1.0 4.0 uA

Voltage Tracking (Regulator Threshold — Fault Threshold Voltage) 70 100 120 mV

Input Hysteresis Voltage - - 4.0 20 mV
Power Stage Vc=10V,Vgg =12V

GATE DC Low Saturation Voltage Vcosc = 1.0 V; 200 mA Sink - 1.2 15

GATE DC High Saturation Voltage Vcosc = 2.7 V; 200 mA Source; Ve = Vgate - 15 21

Rise Time Ceate=1.0nF; 1.5V <Vgate<9.0V - 25 60 ns

Fall Time Ceate=1.0nF; 9.0V >Vgatg > 1.5V - 25 60 ns
Current Drain

lcc 3.135V < V¢ < 3.465 V, Gate switching - 35 6.0 mA

Ic 3.0V <V <16V, Gate non—-switching - 2.7 4.0 mA

2. Guaranteed by design, not 100% tested in production.
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PACKAGE PIN DESCRIPTION

Pin Number Pin Symbol Function
1 VGATE Driver pin to gate of external P-Ch FET.
2 PGND Output power stage ground connection.
3 Cosc Oscillator frequency programming capacitor.
4 GND Logic ground.
5 VEg Feedback voltage input.
6 Vee Logic supply voltage.
7 Cs Soft-Start and fault timing capacitor.
8 Ve Driver supply voltage.

Ve
RG
Oscillator v ) v
Comparator GATE GATE
Cosc O +A1 P Flip—Flop
- R Q
F2
-~ ) PGND
S _Q VrB
25V Comparator
O Ves
125V
+
0.7V =
o
Vee fodor [ * é
— Comp -
Vee ()_r ~
Fault
Youm gomp 115V
G4 e CS Charge
\_ _ Sense
G3 — ' Comparator
é\ T |
IT CSs +
N Comparato B 23V
cs O +
A2 =
(— ’ R 9
o) | | F1
I @ Iz G5 s o
55 5 + +
= = 15V _ _25V Slow Discharge
= = Flip—Flop
Slow Discharge
Comparator
24V ) GND

Figure 2. Block Diagram
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CS51033

CIRCUIT DESCRIPTION

THEORY OF OPERATION control loop and the output voltage to slowly increaseeO
the CS pin charges abothe Holdoff Comparator trip point

Control Scheme _ ~0of 0.7V, the low feedback to ther Comparator sets the
The CS51033 monitors the output voltage to detegmin ATE flip—flop during Goscs charge cycle. Once the

when taturn on the P-Ch FET. Ifp4 falls below the internal s aTE flip—flop is set, \baTe goes low and turns on the

reference voltage of 1.25 V during the oscillator's charge p_ch FET. When ¥s exceeds 2.4 V, the CS charge sense

cycle, the P-Ch FET is tumed on and remains ontfer ., harator (A4) sets thesl comparator reference to 1.25
duration of the charge time. The P-Ch FET getsetlioff V completing the startup cycle.

and remains off during the oscillator’s dischargeleyime
with the maximum duty cycle to 80%. It requires 7.0 mV Lossless Short Circuit Protection

typical, and 20 mV maximum ripple on theg/ pin to The CS51033 has “lossless” short circuit protectioce
operate. This method of control does not require any loopthere is n@urrent sense resistor required. When the voltage
stability compensation. at the CS pin (the faultrtiing capacitor voltage ) reaches

2.5V, the fault timing circuitry is enabled. Duringrmal
operation the CS voltage is 2.6 V. During a short circuit or
The CS51033 has an externally programmable Soft-Star 5 yransient condition, the output voltage movestoand the
feature _that allows the output voltage to come up slowly, voltage at \¢g drops. If kg drops below 1.15 V, the output
preventing voltage overshoot on the output. of the fault comparator go&igh and the CS51033 goes into
At startup, the voltage on all pins is zero. Asc\fises, the 5 taqt discharge mode. The fault timing capacitor, CS,
V¢ voltage along with the internal resistog Reeps the  gigcharges t@.4 V. If the kg voltage is still below 1.15 V

P-ChFET off. As cc and \ continue to rise, the oscillator  \yhen the CS pin reaches 2.4 V, a valid fault condition has
capacitor (@sc) and the Soft-Start/Fault Timing capacitor peen detected. The slow discharge comparator ogaast

(CS)charges vianternal currensources. Gscgets charged  high and enables gate G5 which sets the slow discharge
by the current sourcg and CS gets charged by thesburce  qin_fiop. The Vigare flip—flop resets and the output switch

combination described by: is turned off. The fault timing capior is slowly discharged
Ics = IT - (|5l5 + %T) to 1.5 V.The CS51033 then enters a normal startup routine.
) If the fault is still present when the fault timing capacitor
The internal Holdoff Comparator ensures that theresl | 5jage reaches 2.5 V, the fast and slow discharge cycles
P-Ch FET is off until \és> 0.7 V, preventing the GATE repeat as shown in Figure 3.

flip—flop (F2) from being set. This allows the _oscillator tp If the Vig voltage is above 1.15 V when CS reaches 2.4 V
reach its operating frequency before enabling the drive 5 t5u1t condition is not detected, normal operaticumees

output. Soft-Start is obtained by clamping thegV  ang CS charges back to 2.6 V. This reduces the chance of
comparator’s (A6) reference input to approximately 1/2 of grroneously detecting a load transient as a fault condition.
the voltage at the CS pin during startup, permitting the

Startup

|

|

| | |

td1 trauLT ' IRESTART 11d2 trAULT |
!

NORMAL OPERATION I~ FAULT aa l

|
| |
| TsTART [
l START |

VGaTE

Figure 3. Voltage on Start Capacitor (V gg), the Gate (V gate), and in the Feedback Loop (V gg),
During Startup, Normal and Fault Conditions
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Buck Regulator Operation and R2 and the reference voltaggey the power transistor
A block diagram of a typical buck regulator is shown in Q1 switches on and currdigws through the inductor to the
Figure 4. If we assume that the output transistamitially output. The inductor current rises at a rate determined by

off, and the system is in discontinuous operation, the (V|y - Vout)/Load. The duty cycle (or “on” time) for the
inductor currentyl is zero and the output voltage is at its CS51033 idimited to 80%. If output voltage remains higher
nominal value. The current drawn the load is supplied by  than nominal during the entireggc change time, the Q1
the output capacitor & When the voltage acrosg@rops does not turn on, skipping the pulse.

below the threshold established by the feedbadstoes R1

Q1
e [
CinTe § R1
“A° D, Co ; Rioap
SR
Control
Feedback
Figure 4. Buck Regulator Block Diagram
Charge Pump Circuit FET turns on, it’s drain voltage will be approxilgtequal
(Refer to the CS51033 Application Diagram on page 2). to V)y. Since the voltage across C1 can not change
An external charge pump circuit is necessary wheivgh instantaneously, D& reverse biased and the anode voltage
input voltage is below 5.0 V to ensure that therefisfisnt rises toapproximately 2.& 3.3 V - VD2. C1 transfers some

gate drive voltage for the exterf@tT. When \ is applied, of its stored charge C2 via D3. After several cydlere is
capacitors Chnd C2 will be charged to a diodes drop below sufficient gate drive voltage.
V| Via diodes D2 and D4, respectively. When the P-Ch

http://onsemi.com
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APPLICATIONS INFORMATION

DESIGNING A POWER SUPPLY WITH THE CS51033

Specifications

® Viny=3.3V+10% (i.e. 3.63 V max., 2.97 V min.)
Vout =1.5V+2.0%

louT=0.3At03.0A

Output ripple voltage < 33 mV.

Fsw = 200 kHz

1) Duty Cycle Estimates

Since the maximum duty cycle D, of the CS51033 is
limited to 80% min., it is best to estimate the duty cycle for
the various input conditions to see that the desifiwork
over the complete operating range.

The duty cycle for a buck regulator operating in a
continuous conduction mode is given by:

D — YOUT *+ VD
VIN — VSAT
where:
Vsar = Rosony X lout Max.
In this case we can assume that%0.6 V and \4a1 =
0.6 V so the equation reduces to:
Vout
D = —~Y1
VIN
From this, the maximum duty cycleyax is 53%, this

occurs when { is at it's minimum while the minimum duty
cycle Dy is 0.35%.

2) Switching Frequency and On and Off Time
Calculations

Fsw = 200 kHz. The switching frequency is determined
by Cosc whose value is determined by:

95

Cosc = N = 470 pF
Fsw 30x 103
Fsw x (1 - (3><106) - ( Fsw ) )
1.0
=——=50us
Fsw t

TON(MAX) = 5.0 us X 0.53 = 2.65 us
TON(MIN) = 5.0 us x 0.35 = 1.75 us
TOFF(MAX) = 5.0 us — 0.7 us = 4.3 us

3) Inductor Selection
Pick the inductor value to maintain continuous mode
operation down to 0.3 Amps.
The ripple currenl = 2x loytgminy =2x 0.3 A= 0.6 A.
VouUT + VD X TOFF(MAX) _ 21V x43yus
Al 0.6 A

The CS51033 will operate with almost any value of
inductor. Withlarger inductors the ripple current is reduced

LMIN = = 15uH

and the regulator will remain in a continuous conduction
mode for lower values of load current. A smaller inductor
will result in larger ripple current. The core must saturate
with the maximum expected current, here given by:

louT + Al

20 =3.0A+06A/20=33A

IMAX =

4) Output Capacitor
The output capacitor limits the output ripple voétaghe

CS51033 needs a maximum of 15 mV of output ripple for
the feedback comparator ¢hange state. If we assume that
all the inductor ripple current flows through thatmput
capacitor and that it is an ideal capacitor (i.e. zero B8R)
minimum capacitance neededlitmit the output ripple to
50 mV peak-to—peak is given by:
3 Al
" 8.0 X Fgw X AV

_ 0.6 A
8.0 x (200 x 103 Hz) x (33 x 10—3V)

The minimum ESR needed to limit the output voltage
ripple to 50 mV peak-to-peak is:

Co

= 11.4 uF

_ AV _50x10-3 _
ESR = =0 eA = 55mQ

Al

The output capacitor should be chosen so that its ESR is
at least half of the calculated value and the depae is at
least ten times the calculated value. It is often advisable to
use several capacitors in parallel to reduce ESR.

Low impedance aluminum electrolytic, tantalum or
organic semiconductor capacitors are a good chiorcan
output capacitor. Low impedance aluminum are the
cheapest but are not available in surface mount at present.
Solid tantalum chigapacitors are available from a number
of suppliers and offer the best choice for surface mount
applications. The capacitor working voltage shobkl
greater than the output voltage in all cases.

5) Vg Divider
_ R1 + R2) _ R1
Vout = 1.25 V( R7 ) 1.25 V(RZ + 1.0)

The input bias current to the comparator is A0 The
resistor divider current should be considerabljhbighan
this to ensure that there is sufficient bias currénwe
choose the divider current to be at least 250 times the bias
current this gives a divider current of 1.0 raAd simplifies
the calculations.
15V
1.0 mA
LetR2=1.0k
Rearranging the divider equation gives:

_ VouTt _ _ 15V)\ _
Rl = R2(—1_25 1.0) =1.0 kQ(—LzS) =200Q

=R1+ R2 = 1.5kQ

http://onsemi.com
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6) Divider Bypass Capacitor C rgr

Since the feedback resistors divide the outputgelthy
a factor of 4.0, i.e. 5.0 V/1.25 V= 4.0, it follows that the
output ripple is also divided by four. This would reguiat
the output ripple be at least 60 mV (%.25 mV) to trip the
feedback comparator. We use a capaciigs © act as an

AC short so that the output ripple is not attenuated by the

divider network. The ripple voltage frequency is equdhé&o
switching frequency so we choosggso that:
1.0
2nfC
is negligible at the switching frequency.
In this case g is 200 kHz if we allow % = 3.0Q2 then:

_ 10 _
C = 5z = 0.265 uF

Xc =

7) Soft-Start and Fault Timing Capacitor CS

CS performs several important functions. Firstavides
a dead time for load transients so that the IC doégnter
a fault mode every time the load changes abrupégondly
it disables the fault circuitry during startupaliso provides
Soft-Start byclamping the reference voltage during startup
to rise slowly and finally it controls the hicculpast circuit
protection circuitry. This function reduces the PHEET'’s
duty cycle to 2.0% of the CS period.

The most important consideration in calculating €®Hat
it's voltage does not reach 2.5 V (the voltage hiclv the
fault detect circuitrys enabled) before ps reaches 1.15V
otherwise the power supply will never start.

If the VEg pin reaches 1.15 V, the fault timing comparator
will discharge CS anthe supply will not start. For thepy

The fast discharge time occurs when a fault ist firs
detected. The CS capacitor is discharged from 2.5V t0 2.4 V.
CS x (25V —2.4V)

IFASTDISCHARGE

where kasTpiscHARGEIS 66UA typical.

TFASTDISCHARGE = CS x 1515
The recharge time is the time for CS to charge ftdsrv
to 25 V.

TFASTDISCHARGE =

CS x 25V —-15V)
ICHARGE

where tyarGE IS 264pA typical.
TCHARGE = CS x 3787
The fault time out time is given by:

TEAULT = CS x (3787 + 1515 + 1.5 x 105)

TCHARGE =

TEAULT = CS x (1.55 x 109)
For this circuit

TEAULT = 0.1 x 10—6 x 1.55 x 105 = 0.0155

A larger value of CS will increase the fault tima ¢me
but will also increase the Soft-Start time.

8) Input Capacitor

The input capacitor reduces the peak currents dfieam
the input supply and reduces the noise and rippgtageon
the Vcc and \¢ pins. This capacitor must also ensure that
the \cc remains above the UVLO voltage in the event of an
output short circuit. {5 should be a low ESR capacitor of
at least 10@F. A ceramic surface mount capacitor should

voltage to reach 1.15 V the output voltage must be at leaslso pe connected betweerrd/and ground to prevent

4x1.15=4.6 V.
If we choose an arbitrary startup time of 20§ we
calculate the value of CS from:

_CSx25V
ICHARGE
200 us X 264 uA
CS(MIN) = =5t = 0.02 uF
Use 0.1uF.

spikes.

9) MOSFET Selection

The CS51033 drives a P-Channel MOSFET. ThaT¥
pin swings from GND to ¥. The type of P-Ch FET used
depends on the operating conditions but for input voltages
below 7.0 V a logic level FET should be used.

Choose &—-Ch FET with a continuous drain curref)(l
rating greater than the maximum output currems@n)

The fault time out time is the sum of the slow discharge should be less than

time the fast discharge time and the recharge time and is

obviously dominated by the slow discharge time.

The first parameter is the slow discharge tims, tité time
for the CS capacitor to discharge from 2.4 V to\l &nd is
given by:

CSx (24V —-15V)
IDISCHARGE

where biscHaRGEIS 6.0uA typical.

TSLOWDISCHARGE =

TSLOWDISCHARGE = CS X 1.5V x 105

Rps <= 0.6V 67 mQ

~ IOUT(MAX)

The Gate-to-Source voltage g¥ and the
Drain—to—Source Breakdown \oltage should be chosen
based on the input supply voltage.

The power dissipation due to the conduction losses
given by:

PD = louT? X RDS(ON) X D

The power dissipation due to the switching lossg#/ien

by:
Pp = 0.5 X VIN X louT X (TRM + TF) X Fsw

where Tk = Rise Time and g= Fall Time

http://onsemi.com
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10) Diode Selection maximum output current. The breakdown voltage should be
The flyback or catch diode should be a Schottkyleio at least 20 V for this 12 V application.

because of it'§ast switching ability and low forward voltage The diode power dissipation is given by:

drop. The current rating must be at least equal to the PD = IOUT X VD X (1.0 — DMIN)

ORDERING INFORMATION

Operating
Device Temperature Range Package Shipping T
CS51033YD8 SOIC-8 98 Units / Rail
CS51033YD8G SOIC-8 98 Units / Rail
(Pb-Free)
—40°C < Tp <85°C
CS51033YDR8 SOIC-8 2500 Tape & Reel
CS51033YDR8G SOIC-8 2500 Tape & Reel
(Pb-Free)
CS51033GD8 SOIC-8 98 Units / Rail
CS51033GD8G SOIC-8 98 Units / Rail
(Pb-Free)
0°C < Tp<70°C
CS51033GDR8 SOIC-8 2500 Tape & Reel
CS51033GDR8G SOIC-8 2500 Tape & Reel
(Pb-Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

http://onsemi.com
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COLLECTOR, #1
COLLECTOR, #1
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CASE 751-07
ISSUE AK
STYLE 2: STYLE 3
PIN1. COLLECTOR, DIE, #1 PIN 1. DRAIN, DIE #1
2. COLLECTOR, #1 2. DRAIN, #1
3. COLLECTOR, #2 3. DRAIN, #2
4. COLLECTOR, #2 4. DRAIN, #2
5. BASE, #2 5. GATE, #2
6. EMITTER, #2 6. SOURCE, #2
7. BASE, #1 7. GATE, #1
8. EMITTER, #1 8. SOURCE, #
STYLE 6: STYLE 7
PIN1. SOURCE PIN1. INPUT
2. DRAIN 2. EXTERNAL BYPASS
3. DRAIN 3. THIRD STAGE SOURCE
4. SOURCE 4. GROUND
5. SOURCE 5. DRAIN
6. GATE 6. GATE3
7. GATE 7. SECOND STAGE Vd
8. SOURCE 8. FIRST STAGE Vd
STYLE 10: STYLE 11:
PIN1. GROUND PIN1. SOURCE 1
2. BIAS 1 2. GATE1
3. OUTPUT 3. SOURCE 2
4. GROUND 4. GATE2
5. GROUND 5. DRAIN 2
6. BIAS 2 6. DRAIN 2
7. INPUT 7. DRAIN 1
8. GROUND 8. DRAIN 1
STYLE 14: STYLE 15:
PIN1. N-SOURCE PIN1. ANODE 1
2. N-GATE 2. ANODE 1
3. P-SOURCE 3. ANODE 1
4. P-GATE 4. ANODE 1
5. P-DRAIN 5. CATHODE, COMMON
6. P-DRAIN 6. CATHODE, COMMON
7. N-DRAIN 7. CATHODE, COMMON
8. N-DRAIN 8. CATHODE, COMMON
STYLE 18: STYLE 19:
PIN1. ANODE PIN1. SOURCE 1
2. ANODE 2. GATE 1
3. SOURCE 3. SOURCE 2
4. GATE 4. GATE2
5. DRAIN 5. DRAIN 2
6. DRAIN 6. MIRROR 2
7. CATHODE 7. DRAIN 1
8. CATHODE 8. MIRROR 1
STYLE 22: STYLE 23:
PIN 1. 1/O LINE 1 PIN1. LINE1IN
2. COMMON CATHODE/NCC 2. COMMON ANODE/GND
3. COMMON CATHODE/NGCC 3. COMMON ANODE/GND
4. IOLINES3 4. LINE2IN
5. COMMON ANODE/GND 5. LINE 2 OUT
6. I/O LINE 4 6. COMMON ANODE/GND
7. JOLINES 7. COMMON ANODE/GND
8. COMMON ANODE/GND 8. LINE10UT
STYLE 26: STYLE 27
PIN1. GND PIN1. ILIMIT
2. dv/dt 2. OVLO
3. ENABLE 3. UVLO
4. 1LMIT 4. INPUT+
5. SOURCE 5. SOURCE
6. SOURCE 6. SOURCE
7. SOURCE 7. SOURCE
8. VCC 8. DRAIN
STYLE 30:
PIN1. DRAIN 1
2. DRAIN 1

3. GATE2

4. SOURCE 2

5. SOURCE 1/DRAIN 2
6. SOURCE 1/DRAIN 2
7. SOURCE 1/DRAIN 2
8. GATE 1
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STYLE 4:

PIN 1.

PNOOP O

ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
COMMON CATHODE

STYLE 8:

PIN 1.

eNOOrGN

COLLECTOR, DIE #1
BASE, #1

BASE, #2
COLLECTOR, #2
COLLECTOR, #2
EMITTER, #2
EMITTER, #1
COLLECTOR, #1

STYLE 12:

PIN 1.

PNOO LGN

SOURCE
SOURCE
SOURCE
GATE
DRAIN
DRAIN
DRAIN
DRAIN

STYLE 16:

PIN 1.

PNOO AP

EMITTER, DIE #1
BASE, DIE #1
EMITTER, DIE #2
BASE, DIE #2
COLLECTOR, DIE #2
COLLECTOR, DIE #2
COLLECTOR, DIE #1

COLLECTOR, DIE #1

STYLE 20:

PIN 1.

@NDGA BN

SOURCE (N
GATE (N)
SOURCE (P)
GATE (P)
DRAIN
DRAIN
DRAIN
DRAIN

STYLE 24:

PIN 1.

@NDOA BN

BASE

EMITTER
COLLECTOR/ANODE
COLLECTOR/ANODE
CATHODE

CATHODE
COLLECTOR/ANODE
COLLECTOR/ANODE

STYLE 28:

PIN 1.

2
3
4.
5.
6
7
8

SW_TO_GND
DASIC_OFF
DASIC_SW_DET
GND

V_MON
VBULK
VBULK

VIN
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