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LINEAR INTEGRATED GIRCUTTS HIGH-SPEED CURRENT-MODE PWM

DESCRIPTION FEATURES

The SG1823 is a high-performance pulse width modulator optimized for e 10 to 30 volt operation

high frequency current-mode power supplies. Included in the controller e 5.1V reference trimmed to +1%
are aprecision voltage reference, micropower start-up circuitry, soft-start, 2MHz osclllator capability
high-frequency oscillator, wideband error amplifier, fast current-limit 80ns prop delay to outputs
comparator, full double-pulse suppression logic, and a single totem-pole 1.5A peak totem-pole driver
output driver. Innovative circuit design and an advanced linear Schottky 2mA max start-up current
process result in very short propagation delays through the current limit o U.V. lockout with hysteresis
comparator, logic, and the output driver. This device can be used to e No output driver “float”

implement either current-mode or voltage-mode switching power sup- e Programmable soft start
plies. This device is an ideal choice for applications such as single ended ~ « Double-pulse suppression logic
boost converters. The SG1823 is specified for operation over the full ¢ Wideband low-impedance error amp

military ambient temperature range of -565°C to 125°C. The SG2823 e Current-mode or voltage-mode control
is characterized for the industrial range of -25°C to 85°C, and the SG3823 « Wide choice of high frequency packages
is selected for the commercial range of 0°C to 70°C.

HIGH RELIABILITY FEATURES - SG1823

¢ Avallable to MIL-STD-883B
+ SG level "S" processing available
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SG1823/8G2823/5G3823

ABSOLUTE MAXIMUM RATINGS (Note 1)

Input Voltage (V,, and V) ..o 30V Soft Start Sink Current ...........ccoeeciririininieeeeiene 20mA

Analog Inputs: Clock Output Current .........cccccveinenncnniee e 5mA
Error Amplitier and Ramp ......cc.ccocovvcinennnn. -0.3Vto 7.0V Error Amplifier Qutput Currant ... 5mA
Soft Start and |, /S.D. ...cocoimrrirrrenne -0.3V10 6.0V Oscillator Charging Current ...........c.coociiniinniiineencnnnenes 5mA

Digital Input (Clock) ....ccvveveieriiciiiiiieieeeeee 1.5Vto 6.0V Operating Junction Temperature:

Driver QUIPULS ..eveereirrereerssrmemrenraneeseenrensnes -0.3Vto V +1.5V Hermetic (F, J, L Packages) .........ccocceeeerieiriiunncnnnne. 150°C

Source / Sink Output Current (sach output); Plastic (DW, N Packages) .......cccoorvevevneriinersinceenncn. 150°C
CONtNUOUS ..ocoeeeececriererecsreeseenessrreesraessnsesreesaneessnesane 0.5A  Storage Temperature Range ...........cccevcecueene -65°C to 150°C
Pulse, BOONS ......occoveiiinricieciriirie et s 20A  Lead Tempsrature (soldering, 10 seconds) .................. 300°C

Note 1. Exceeding these ratings could cause damage to the device.
THERMAL DERATING CURVES

25 5.0
2.0 4.0
E E
H \\,, H
I 1.5 & I 30
A ;
B <
ﬁ \\ %e E
o 1.0 ‘ S 20
g N g
2 &
0.5 1.0
L izo-mn LCC) &
F {16—PIN FLATPACK) —
bW (186-PIN SOIC)
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AMBIENT TEMPERATURE ~ C CASE TEMPERATURE — ‘C
MAXIMUM POWER DISSIPATION vs AMBIENT TEMPERATURE MAXIMUM POWER DISSIPATION vs CASE TEMPERATURE
RECOMMENDED OPERATING CONDITIONS (Note 2)
Supply Voltage Range ..........ccccneiiiiciniiecinicecenns 10V to 30V Oscillator Frequency Range ...........ccccoeeans 4KHz to 1.5MHz
Voltage Amp Common Mode Range ................... 1.5Vt0 5.5V  Oscillator Charging Current ......c.coocenuveninennnen 30pA to 3mA
Ramp Input Voltage Range ......cccceevvevereevceeeniennnes 0V to 5.0V Oscillator Timing Resistor (R} .cccoveveevenicenee 1KQ to 100KQ
Current Limit / Shutdown Voltage Range ............... 0V to 4.0V Oscillator Timing Capacitor (C.) ....ccevivrinnn, 470pF to .01pF
Source / Sink Qutput Current Operating Ambient Temperature Range:
CONLINUOUS ....eoeeieeciieeecereecree e s serreeeernresssnneeesereaen 200mA SG1B823 ....civvcveerireereerrerr e -55°C to 125°C
PUuIS8, BOONS ....cooverieeecreree e vre e eres s rerrne e e seeneeane 1.0A SG2823 ... -25°C to 85°C
Voltage Reference Output Current ................... 1 mA to 10mA SG3B23 ...t 0°C to 70°C

Note 2. Range over which the device is functional.

ELECTRICAL SPECIFICATIONS

(Unless otherwise specified, these specifications apply over the operating ambient temperatures for $G1823 with -55°C < T, < 125°C, $G2823 with
-25°C < T, < 85°C, SG3823 with 0°C < T, < 70°C, and V,, = V, = 15V. Low duty cycle pulse testing techniques are used which maintains junction and
case temperatures equal to the ambient temperature.)

S$G1823/2823 $G3823

Parameter Test Conditions Min. | Typ. |Max. Min. | Typ. | Max. Units
Reference Section
Cutpitioltage S 25 0w L bl \\25\\”{3» WimAT s n . |BOBIEA0 BB 500181050
Line Hegulatlon V =10 to 30V 2 120 2 | 20
Load Hegulation ™+ <% - LERBRORAN Y i s 0 L st 20 g a0
Temperature Stability (Note 3) Over Operating Temperature 02|04 0204
Total Output Range {Note 8) © < | Over Line, Load, and Temperaturs © il 8004 .. 1520405 o 526
Output Noise Voltage (Note 3) f = 10Hz to 10KHz, l = OmA 50 | 200 50
‘Liong Tarn Stability (Netes d 843 1 |1, = 125%C, b R)\t)ﬁhrs R i §0126 | VLB NRES.
Short Circuit Current V =0V -50 |-100] -15 | -50 |-100
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SG1823/5G2823/SG3823

ELECTRICAL SPECIFICATIONS (continued)

SG1823/2823 S$G3823
Parameter Test Conditions MIn.TTyp.TMax. MIn.[Typ.IMax. Units

Osclilator Section (Note 5)

&ﬁitiai Aceuraey 0 L SRR \\\T = 25, Cua®tOpFs L s e v | 360 | 400 440 1 860 | 400 | 440 § Khix
Voltage Stability V., =100 30V 02| 2| lo2] 2 [ %
Temperature Stability (Note 2} - @ver Rated Operating Temperature ™ TRy e e 8] %
Total Frequency L|mlts (Note 3) Over Line and Temperature 460 | 340 | 460 KHz
FilRimui Praquency L RINRETOOKE, O DF IR I N IR SR 58 & < - S
Maximum Frequency R,=1KQ, C,; 470pF . £ .

Cloek High Lavel SR o 48

Clock Low Level 2.3

Ramp Peak Voltags . N 1w

Ftamp VaIIey Vottage 1.0

3 o N R, \\\}\ i}\\\ \{\\\\g\\\\ \1 3(8

l\Errot Amplifier Sectlon (“Note 5

Inpuit Qifset Voltage
Input Bias Current
Inpit Qffsst Current: -
DC Open Loop Gain

Comimon Mode Flejebtion -
Pow Supply Re]ectlon
Ot Sink Current
Output Source Current
Output s Volags.
Output Low Voltage
VRPN Bantiwioth Nt 8y
Slew Rate (Note 3)

RS agsgm, Vooin 2 BBV it L s

on =25V

=1to4V \

~>
Vi

S %}%“?’%@axm\fw Range; Vo 82V, o]

et

10Vt030V V =2.5V
W

ERROB

PWM Comparator Sectlon (Note s & 7)v

Delay o Diiver Output (Note @)

Fanp hput Bias Current S e T

Minimum Duty Cycle Veraon = 1V N .
"Maxinyim Duty Cycle (Nols 8) vm =4V DS SRR

Zero Duty Cycle Threshold 1.1
Dalagdo Diver Quiput (Mo8) . EVES#. 010 2V, Ve 2 2V R
SoftStart Section _

C,, Chargs Current ~ ij\\fm,ma 85V © 8

C,, Discharge Current sorrstart = 1-0V 1
Current Limit / Shutdown Section (Note 9

15D, loput Bias Current . SN

I, sy REF Offset V _1 1V ) b
‘m RERCHMESH Mods Pangs Sl fe o 000 T R I A
Shutdown Threshold ngmowN = OV to . i 1 25 1.40

Output Drivers (each output)

Outpatitow Level < 1l 0257040, < fo25]040] V-
1.2 122 1.2 22 v

Qutpist High Lavel S 118034851 V1807188 Vo
V,, Standby Clirrent . v bl VEAB0 4 800 | 1150+ 500 A
Output Rise / Fall Time (Note 3) 30 | 60 30 | 60 ns
Undervoltage Lockout Section . ]

Start Threshold Voltage ..o pS 88198206 [ BATHE | 86 J VI
UV Lockout Hysteresis 04,08 ]12]04]08]12 Vv
Supply Current Section (Note 5) —

Start Up Current TV =8V . 7~ Tan e s [RTT2BT Cohatkdd 25 mA
Operating Current Viw » Veawe » V LIM/S D OV vV, =1V 22 | 33 22 | 33 ] mA

Note 3. This parameter Is guaranteed by design and process control, but is not 100% tested in production.

Note 4.

Note 5.
Note 6.
Note 7.

Fosc

Vg = 1.5VI0 55V,

= 400KHz (R, = 3.66KLQ, C; = 1.0nF)

Vo = 0V, Unless otherwise specified.

period.

This parameter Is non-accum., and represents the random fluctuation of the ref. voltage within some error band when observed over any 1000 hr. period of time.
Note 8. 100% duty cycle is defined as a pulsewidth equal to one oscillator

Note 9. V(I ,/SHUTDOWN) = OV to 4.0V, unless otherwise specified.
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SG1823/SG2823/5SG3823

APPLICATION INFORMATION

HIGH-SPEED LAYOUT AND BYPASSING

The SG1823, like all high-speed circuits, requires extra attention to external conductor and component layout to minimize
undesired inductive and capacitive effects. All lead lengths must be as short as possible. The best printed circuit board choice
would be a four-layer design, with the two internal planes supplying power and "
ground. Signal interconnects should be placed on the outside, giving a VoeF
conductor-over-ground-plane (microstrip) configuration. Atwo-sidedpcboard SG1823
with one side dedicated as a ground plane is next best, and requires careful vebs
component placement by a skilled pc designer. PR GHD O1pF

‘ q

L

VReF

(~

Two supply bypass capacitors should be employed: a low-inductance 0.1 pF oND
ceramic within 0.25 inches of the +V,, pin for high frequencies, and a 1 to 5 pF 01pF Plve |
solid tantalum within 0.5 inches of the V_ pin to provide an energy reservoir for l—"—o
the high peak output currents. A low-inductance .01 pF bypass for the VN —,

reference output is also recommended.

1uf

als|
FIGURE 1

HIGH SPEED LAYOUT AND BYPASSING

MICROPOWER STARTUP TO POWER TRANSFORMER

Since the SG1823 draws less than 2.5 mA of supply current before ds
turning on, a low power bleeder resistor from the rectified AC line *r F
supply is all that is required for startup. A start capacitor, C, is ulz ) "_";l
charged with the excess current fromthe bleeder resistor. Whenthe |, ﬁ soraz "
turn-on threshold voltage is reached, the PWM circuit becomes  2]e | 7 . % i
active, anergizing the power transistors. The additional operating $ra e
current required by the PWM is then provided by a bootstrap winding x =§ ; arar by .

T =~Cs . !_.'ﬁi .—"f(—]

on the main high-frequency power transformer.

FIGURE 2
MICROPOWER STARTUP

SOFTSTART CIRCUIT/ OUTPUT DUTY CYCLE LIMIT

The Softstart pin of the SG1823 is held low when either the chip is in the micropower mode, or when a voltage greater than +1.4
voltsispresentatthe |, , Pin. The maximum positive swing of the voltage error amplifier is clampedto the Softstart pin voltage,
providing a ramp-up of peak charging currents in the power semiconductors at turn-on.

In some cases, the duration of the Shutdown signal can be too short to fully discharge the softstart capacitor. The illustrated
resistor/discrete PNP transistor configuration can be used to shorten
the discharge time by a factor of 50 or more. When the internal
discharge transistor in the SG1825 turns on, current wil! flow through
surge limit resistor R1. As the resistor drop approaches 0.6 volts, the
external PNP turns on, providing a low resistance discharge path for the
energy in the softstart capacitor. The capacitor will be rapidly dis-
charged to +0.7 volts, which corresponds to zero duty cycle in the pulse
width modulator.

To program the maximum output duty cycle, a resistor divider shold
be connected from the V___ pin to the Soft Start pin. A resistor divider +viy
combination (R, + R,) of less than 5KQ achieves betterthan 2% voltage FGURE 3
tolerance at the Soft Start pin. SOFTSTART FAST RESET

FREQUENCY SYNCHRONIZATION

Two or three SG1823 oscillators may be locked together with the

interconnection scheme shown, if the devices are within an inch or

so of each other. A master unitis programmed for desired frequency

with R andC_asusual. The oscillators inthe slave units are disabled

by grounding C_and by connecting R to V.. The logic in the slave

units is locked to the clock of the master with the wire-OR connection

shown. VYN —
Many SG1825s can be locked to a master system clock by wiring

the oscillators as slave units, and distributingthe master clocktoeach  ggune s

using a tree-fanout geometry. OSCILLATOR SYNCHRONIZATION

LI T av—
SG1823
Ry
Cr
JUU |
! wa m%
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SG1823/5G2823/5G3823

APPLICATION INFORMATION

OSCILLATOR

The oscillator frequency is programmed by external timing components R, and C.. A nominal +3.0 volts appears at the R,
pin. The current flowing through R_is mirrored internally with a 1:1 ratio. This causes an identical current to flow out the C,
pin, charging the timing capacitor and generating alinear ramp. When the upper threshold of +2.8 volts is reached, adischarge
network reduces the ramp voltage to +1.0, whers a new charge
cycle begins.

R 3V 561823

The Clock output pin is LOW (+2.3 volts) during the charge cycle,
and HIGH (+4.5 volts) during the discharge cycle. The Clock pin is
driven by an NPN emitter follower, and so can be wire-ORed. Each
Clock pin can drive a1 mA load. Since the internal current-source
pulidown is approximately 400 pA, the DC fan-outto other SG1825
Clock pins is at least two.

™

+4.5v
1) cLoox ﬂ—- +2.3v
The type of capacitor selected for C. is very important. At high
frequencies, non-ideal characteristics such as effective series
resistance (ESR), effective series inductance (ESL), dielectric loss
and dielectric absorption all affect frequency accuracy and stability.
RF capacitors such as silver mica, glass, polystyrene, or COG
ceramics are recommended. Avoid high-K ceramics, which work

i icati FIGURE 5
best in DC bypass applications. OSCILLATOR FUNCTIONAL DIAGRAM

ERROR AMPLIFIER

The voltage error amplifier is a true operational amplifier with low-
impedance output, and can be gain-stabilized using conventional
feedback techniques. The typical DC open-loop gain is 95 dB, with
a single low-frequency pole at 100 Hz.

The input connections to the error amplifier are determined by the
polarity of the power supply output voltage. For positive supplies,
the common-mode voltage is +5.1 volts and the teedback connec-
tions in Figure A are used. With negative outputs, the common-
mode voltage is half the reference, and the feedback divider is
connected between the negative outputandthe +5.1 volt referance *
as shown in Figure B. hdh

FIGURE 6 = Rz ©p
VOLTAGE AMP CONNECTIONS

QUTPUT
YOLTAGE.

OUTPUT DRIVER

The output driver is designed to provide up to 1.5 Amps peak output
current. To minimize ringing on the output waveform, which canbe
destructive to both the power MOSFET and the PWM chip, the
series inductance seen by the drivers should be as low as possible.

One solution is to keep the distance between the PWM and
MOSFET gate as short as possible, and to use carbon composition
series dampingresistors. A Faraday shieldtointercept radiated EM|
from the power transistors is usually required with this choice.

#SCHOTTKY CLAMP MAY BE REQUIRED
A second approach is to place the MOSFETs some distance from
the PWM chip, and use a series-terminated transmission line to
preserve drive pulse fidelity. This will minimize noise radiated back g qe ; -
to the sensitive analog circuitry of the SG1823. A Faraday shield DRIVING SHIELDED CABLE
may also be required.

If the driver is connected to an isolation transformer, or if kickback through C , of the MOSFET is severe, clamp diodes may
be required. 1 Amp peak Schottky diodes will limit undershoot to less than -0.3 volts.

B 4253480 0002238 L3l EMESGL




SG1823/5G2823/SG3823

CONNECTION DIAGRAMS & ORDERING INFORMATION (see Notes Below)

Ambient
Package Part No. Temperature Range Connection Diagram
16-PIN CERAMIC DIP 5G1823J/883B -55°C to 125°C v INPUT O s v,
J - PACKAGE SG1823J -55°C to 125°C NEINPUT D2 1[0 v,
SG2823J -25°C to 85°C EAOUTPUT s 10 ouTPUT
$G3823J 0°C to 70°C cLock e e Ve
R, O0s 120 PWRGND
C, Os 1 1, REF
RAMP []7 101 GROUND
16-PIN PLASTIC DIP SG2823N 25°C 10 85°C SOFTSTART Cls o[ 1,/SD
N - PACKAGE SG3823N 0°C to 70°C
16-PIN WIDE BODY SG2823DW -25°C to 85°C
PLASTIC S.O.1.C. SG3823DW 0°C to 70°C INV INPUT [T |1 18 [ v,
DW - PACKAGE NIINPUT O |2 15 0 +V,,
EAOUTPUT [ |3 14 [T1 OUTPUT
cLock [I|a 1211 v,
R, s 12 {T1 PWRGND
c, |s 1 {1 |1, REF
RAMP [T]]7 10 [0 GROUND
SOFTSTART [I]|s 91 1,/8D
20-PIN PLASTIC 5G2823Q -25°C to 85°C
LEADED CHIP CARRIER 5G3823Q 0°C to 70°C 1.NC a2l 11 NC
Q- PACKAGE 2 INV INPUT 12 1,/8D
(Note 3) 3 NI INPUT 4[] o 118 13 GROUND
4 EAOUTPUT 5 [] [ 17 14 b FEF
§ CLOCK o] 7 15 PWRGND
6 NC 16 NC
7R, 7 [ H15 47 V.
8 c, 8 [] 014 18 OUTPUT
9 RAMP SOU— 19. 4V,
10 SOFT START o 1o 11 12 18 20 V.

Note 1. Contact factory for JAN and DESC product availablity.
2. All packagses are viewed from the top.
3. Contact factory for package availabiility

Silicon General « 11861 Western Avenue « Garden Grove, CA 92641 « (714) 898-8121 » TWX: 910-596-1804 » FAX: (714) 893-2570
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