TEMIC Si9112

High-Voltage Switchmode Controller

Features

® 9-to 80-V Input Range e High Efficiency Operation (> 80%)e® SHUTDOWN and RESET
® Current-Mode Control e Internal Start-Up Circuit

e High-Speed, Source-Sink Output Drive Internal Oscillator (1 MHz)

Description

The Si9112 is a BiC/DMOS integrated circuit designed faputput power. When combined with an output MOSFET

use in high-efficiency switchmode power converters. And transformer, the Si9112 can be used to implement

high-voltage DMOS input allows this controller to worksingle-ended power converter topologies (i.e., flyback,

over a wide range of input voltages (9- to 80-VDC)forward, and cuk).

Current-mode PWM control circuitry is implemented in

CMOS to reduce internal power consumption to less than

10 mW. The Si9112 is available in 14-pin plastic DIP, and SOIC
packages, and is specified over the industrial, D suffix

A CMOS output driver provides high-speed switching of—40 to 85C) temperature range.

MOSPOWER devices large enough to supply 50 W of
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Subsequent updates to this data sheet may be obtained via facsimile by calling Siliconix FaxBack, 1-408-970-5600. Please request FaxBack document
#1306. Application Note AN703 may also be obtained via FaxBack, request document #8703.
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Si9112 TEMIC

Absolute Maximum Ratings

Voltages Referenced to 4/(Vcc < +Vin + 0.3 V) Junction Temperature I . .. ... 150°C
VGt et e e e 15.v  Power Dissipation (Package)a
VAN o« oo 80.V 14-P!n Plastic DIP (‘]_ SUffif) .. ... 750 mW
Logic | 14-PinSOIC (Y Suffixy ....... ..ot 900 mW
ogic Inputs
— Thermal Impedance(;a)

(RESET, SHUTDOWNOSC IN) .. . .. ... .. —03VIo¥c+ 03V 14-PinPlasticDIP. . ... ... 167TC/W
Linear Inputs (FEEDBACK, SENSE). . .. .. —03VI@¥to 0.3V  14-PiNSOIC. . . .\ oo 140C/W
HV Pre-Regulator Input Current (continuous). . . . ........ 25 mA

(Power Dissipation Limited) Notes _ ‘
Storage Temperature . . .. ....oovvvoe oo _65t0 1§D & Device mounted with all leads soldered or welded to PC board.

b. Derate 6 mW/C above 25C.
Operating Temperature . .. .. ..., —-40to® c. Derate 7.2 mWIC above 25C.

Recommended Operating Range

\oltages Referenced to 4y

VG OVMIOL35V ROSC: - - i 25 kK to 1 MQ
FV N e 9Vito80V Linearlnputs. ....... ... .. 0.to ¥c-3V
fOSC v v 40.kHzto 1 MHz  Digital Inputs . . .. ... .. . 0to \&c
Specification$t
Uni Tegttﬁ:onc_iltlogs o Limits
niess erwise speciiie D Suffix —40 to 85C
DISCHARGE =—\y =0V
Vee=9V, +Vy =12V
Parameter Symbol Reias = 270 K2, Rosc=330 1 | Temp® | Mind | Typ® [ Max® | Unit
Reference
OSC IN =—\{y (OSC Disabled) Room 3.88 4.0 4.12
Output Voltage VR RL = 10 MQ Fule | 382 414 v
Output Impedancée ZouTt Room 15 30 45 kQ
Short Circuit Current ISREF VRee= -VIN Room 70 100 130 uA
Temperature Stabilify TREF Full 0.5 1.0 mV/°C
Oscillator
Maximum Frequency fmax Rosc=0 Room 1 3 MHz
Rosc= 330 k, See Note f Room 80 100 120
Initial Accuracy fosc kHz
Rosc= 150 k, See Note f Room 160 200 240
\oltage Stability Aflf Afff =f(13.5V) - (9.5 V) / f(9.5 V) | Room 9 15 %
Temperature Coefficiefit Tosc Full 200 500 ppmFPC
Error Amplifier
FB Tied to COMP
Feedback Input Voltage Vi OSC IN = — \fy (OSC Disabled) Room 3.92 4.00 4.08 \%
Input Offset Voltage Vos OSC IN = -y (OSC Disabled) Room +15 +40 mV
Input BIAS Current IFB OSCIN=-\N, VFg=4V Room 25 500 nA
Open Loop Voltage Gath AvoL OSC IN =-\{y Room 60 80 dB
Unity Gain BandwidtA BW OSC IN = -y (OSC Disabled) Room 1 15 MHz
Dynamic Output Impedan€e ZouT Error Amp Configured for 60 dB gaip Room 1000 2000 Q
Source g =34V Room -2.0 -1.4
OuiputZurrert | mA
it out Sink Vg = 4.5V Room | 012 | 0.15
Power Supply Rejectién PSRR 9V = Ve =135V Room 50 70 dB
2 Siliconix
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TEMIC Si9112

Specifications!
Ui Tegttk?onc.htlogs o Limits
nless erwise Specifie D Suffix —40 to 85C
DISCHARGE =—\(y =0 V
Vee=9V,+y =12V
Parameter Symbol Reias = 270 2, Rosc=330 1 | Temp® | Minf | Typ® [ Max9 | Unit

Current Limit
Threshold Voltage V SOURCE V=0V Room 1.0 1.2 1.4 Vv
Delay to Outptf tq Vsense= 1.5V, See Figure 1 Room 100 150 ns

Pre-Regulator/Start-Up

Input Voltage +V N Iin = 10pA Room 80 \%
Input Leakage Current +IiN Vece = 94V Room 10 A
Pre-Regulator Dropout Voltage Vce +ViN=10V,Roap =4 katPin6 | Room Vf(\)/.'io

\T/ﬁr‘é?ﬁﬁﬁevgfifgtgr Turn-Off VREG | PRE-REGULATORE 101A Room | 8.0 8.7 9.4 v
Undervoltage Lockout VuvLo See Detailed Description Room 7.2 8.1 8.9
Vrec—VuvLo VDELTA Room | 0.3 0.6

Supply

Supply Current Icc CL < 75 pF (Pin 4) Room 0.6 1.0 mA
Bias Current NS Room 15 uA
Logic

SHUTDOWN Delay® tsp VSENSESL—\:AE(,)%geF Figure 2 Room 50 100
SHUTDOWN Pulse Width tsw Room 50

RESET Pulse Width tRw See Fijure 3 Room 50 ns

Latching Pulse Width

SHUTDOWNand RESET Lok| W Room |25
Input Low Voltage Vi Room 2.0 Vv
Input High Voltage ViH Room 7.0
:—Tigl# Current Input Voltage " Vioaic = Vee Room 1 5 uA
Input Current Input Voltage Lo IR ViNn=0V Room -35 25
Output
. _ Room 8.7
Output High Voltage VoH louT =-10 mA Full 8.5
\
_ Room 0.3
Output Low Voltage VoL louT =10 mA Eull 05
. _ . Room 20 30
Output Resistané€e Rout louT = 10 mA, Source or Sink Eull o5 35 Q
Rise Timé& tr Room 40 75
- CL =500mF ns
Fall Time® t Room 40 75
Notes
a. Referto PROCESS OPTION FLOWCHART for additional information.
b. Room = 258C, Full = as determined by the operating temperature suffix.
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum.
e. Guaranteed by design, not subject to production test.
f CsTtray Pin 8 =< 5 pF.
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Si9112 TEMIC

Timing Waveforms
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Typical Characteristics
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TEMIC Si9112

Pin Configurations

Dual-In-Line and SOIC

BIAS [1] 14 FB
i [2] 13 comp
SENSE [3] 12] RESET Order Numbers

OUTPUT [4] [11] sHUTDOWN Plastic DIP: Si9112DJ

v [5] m SOIC: Si9112DY

Vee [6] 9] DISCHARGE
osc ouT [7] (8] oscIN

Top View

Detailed Description

Pre-Regulator/Start-Up Section determines the magnitude of bias current in all of the
analog sections and the pull-up current for the

Due to the low quiescent current requirement of th§HUTDOWN and RESET pins. The current flowing in
Si9112 control circuitry, bias power can be supplied frofhe pias resistor is nominally 1.

the unregulated input power source, from an external
regulated low-voltage supply, or from an auxiliary
“pbootstrap” winding on the output inductor orReference Section
transformer.

L . ) ) The reference section of the Si9112 consists of a
When power is first applied during start-up,ik\pin 2)  omperature compensated buried zener and trimmable
will draw a constant current. The magnitude of thig;iqer network. The output of the reference section is
current s dgtermmed' by a high-voltage depletiogynected internally to the non-inverting input of the
MOSFET dewqe which is ponpected l?etwge_r]m‘a(nd error amplifier. Nominal reference output voltage is 4 V.
Ve (pin 6). This start-up circuitry provides initial poWerryq yimming procedure that is used on the Si9112 brings
to the IC by charging an external bYPaSS capacngnﬁ?e output of the error amplifier (which is configured for
connected to the & pin. The charging current is niv gain during trimming) to withint 2% of 4 V. This

disabled when ¥cexceeds 8.7 V. If ¥cis not forced 1o 1o matically compensates for input offset voltage in the
exceed the 8.7-V threshold, thegwill be regulated to error amplifier.

a nominal value of 8.7 V by the pre-regulator circuit.

As the supply voltage rises toward the normal operatinghe output impedance of the reference section has been
conditions, an internal undervoltage (UV) lockout circuipurposely made high so that a low impedance external
keeps the output driver disabled untitd/ exceeds the voltage source can be used to override the internal voltage
UV lockout threshold (typically 8.1 V). This guaranteesource, if desired, without otherwise altering the
that the control logic will be functioning properly and thaperformance of the device.

sufficient gate drive voltage is available before the

MOSFET turns on. The design of the IC is such that th .

undervoltage lockout threshold will be at least 300 m\'/'—grror Amplifier

less than the pre-regulator turn-off voltage. Power

dissipation can be minimized by providing an externgflosed-loop regulation is provided by the error amplifier.
power source to ¥c such that the pre-regulator circuit is The emitter follower output has a typical dynamic output

disabled. impedance of 10002, and is intended for use with
“around-the-amplifier” compensation. A MOS differential
BIAS input stage provides low input leakage current. The

noninverting input to the error amplifier g¢p is internally
To properly set the bias for the Si9112, a 2E¥Drkesistor connected to the output of the reference supply and should
should be tied from BIAS (pin 1) to ¥ (pin 5). This be bypassed with a small capacitor to ground.
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Si9112 TEMIC

Detailed Description (Cont’'d)

Oscillator Section Table 1: Truth Table for the SHUTDOWMNNd RESET Pins
The oscillator consists of a ring of CMOS inverterd, SHUT- RESET o

capacitors, and a capacitor discharge switch. Frequency DOWN utput

is set by an external resistor between the OSC IN and OpC  H H Normal Operation

OU.T pins. (See Typical Characteristics for details .(.f v 1 Normal Operation (No Change
resistor value vs. frequency.) The DISCHARGE piip

should be tied to —% for normal internal oscillator L H Off (Not Latched)
operation. A frequency divider in the logic section limitd L L Off (Latched)

switch duty cycle to=50% by locking the switching Iy L Off (Latched, No Change)

frequency to one half of the oscillator frequency.

Remote synchronization can be accomplished % ; ;

- . . oth pins have internal current source pull-ups and
cqpamuve cpupllng of a SYNC pulse |.nto the OSC | hould be left disconnected when not in use. An added
(pin 8) terminal. For a 5-V pulse amplitude and @s5-

| idth tvpical val Id be 100 bF i . i eature of the current sources is the ability to connect a
gukizet\(l)wpin ,8yp|ca values would be PFIn Seneswi apacitor and an open-collector driver to the

SHUTDOWN or RESET pins to provide variable
shutdown time.

SHUTDOWN and RESET

SHUTDOWN (pin 11) and RESET (pin 12) are intended foOutput Driver

overriding the output MOSFET switch via external control

logic. The two inputs are fed through a latch preceding tHée push-pull driver output has a typical on-resistance of
output switch. Depending on the logic state of RESERO €2. Maximum switching times are specified at 75 ns
SHUTDOWN can be either a latched or unlatched inpufor a 500 pF load. This is sufficient to directly drive 60-V,
The output is off whenever SHUTDOWN$ low. By 25-A MOSFETs. Larger devices can be driven, but
simultaneously having SHUTDOWNMNind RESET low, the switching times will be longer, resulting in higher
latch is set and SHUTDOWNas no effect until RESET switching losses.

goes high. The truth table for these inputs is given in

Table 1. For applications information refer to AN703.
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