2MHz Resonant-Mode Control

The CS-361 ia a power supply control
IC used in resonant and quasi resonant
mode topologies whuch operate in a
Constant Off Tune Mode. The IC con-
tamns a programmable voltage con-
trolled oscillator (VCO, 2% linearity
from 200kH:z to 2MH>), a retriggerable

one shot and dual high current (1 5A
pulse) totem pole outputs

Also 1included are protective features,
such as undervoltage lockout, pro-
grammable soft start, and current
bmuting The CS-360 1s pin compatible

to the MC34067.

Power Supply Voltage (Veeo) - - LLan20V
Output Current, Source or Sink

DC . .. 03A

Pulse 0 5Sps e . 1.5A
Error Amphifier Input Voltage . ~1to6V
Current Sense Input Voltage ~Tto6V
UVLO Input Voltage ~1to Vee
Refetence Qutput Current . .10mA

Power Dissipation (T, = 50°C) e 1w

Junction Temperature -40°C to 150°C
Storage Temperature . ~55°C to 150°C
Lead Temperature (Soldering, 10s) 230°C
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2
Power Supply Voltage 10 12 18 \
Load Capacitance 12 25 nF
Error Amplifier Input Voltage 15 55 A%
One-Shot Timing Resistor(Ry) 5 20 50 kQ
One-Shot Timing Cap (Cy) 200 300 500 pF
Oscillator Timing Cap. (Cogc) 200 300 2000 pE
Oscillator Frequency 01 2.0 MHz
Ambient Temp. Comimercial 0 70 °C
Ambient Temp. Industrial o -25 85 °C

Electrical Characteristics: V=12V, Cyse = 150pF, T = =25 to +85°C for the Industrial Version and
Ta = 0t0.70°C for the Cominercial Version unless othérwise specified. .

M Reference Section

Output Voltage Ta=25°C Ioyr = lmA 5.0 5.1 52 v
Line Regulation 10V <« Ve <20V 5 20 mV
Load Regulation ImA <Igyr < 10mA 5 20 mV
Temperature Stability (note 1) (0°C < T < 70°C) 20 50 mV
Total Output Variation Line, Load, Temp. 4.9 5.3 v
Output Short Circuit Ta=25°C, Vggp=0 20 100 mA

B Error Amplifier Section

Input Offset Voltage VEa = EAOU«I -15 +15 mV
Input Bias Current Vga. = Vga, =25V -0.3 -1.0 A
Input Offset Current Vga = Vga, =25V 0.1 10 pA
Avol 65 0 dB
Common Mode Voltage Range 1.5 55 \Y
Output Sink Current 1.0 mA
Qutput Source Current 2.0 5.0 mA
Gain Bandwidth Product (note 1) 2 MHz
Vour Low 0.7 11 v
Vour High 35 39 4.3 A%

B VCO Section Note: RMIN = 95.3k€2, Cogc = 150pF, Rosc = 6.8k, T = 25°C unless otherwise noted.

Minimum Frequency Error Amplifier Qutput High 90 100 110  KHz
Freq. Variation over Error Amplifier Output High 85 115 kHz
Vecand Ty (0°C <T<70°C)
Maximum Frequency Error Amplifier Output Low 19 2.0 21 MHz
Vpeak 4.8 v
Vialiey Fosc = 100kHz 3.6 A
Iose Pin Input Voltage Tose = -400pA 33 3.6 45 v
378
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' Electrical Characteristics: continued

19¢-SD

B One-Shot Section Note: Cy = 300pF, Ty = 25°C

Period Short R, - 143kQ ’ 1.43 150 157 ns
Period Short, Total Variation Ry = 14.3kQ (0°C<TA<70°C)

with Voo, Ta 10V < Ve < 20V 140 1.50 1.60 us
Period Long Ry = 47.5kQ 460 5.00 5.40 s
Setting Range 0.5 10.0 us

B Output Section

Quiput Low Level Ve =20V
Ik = 20mA 025 0.40 \'%
Ik = 200mA 1.50 2.20 \Y
Output High Level Vee =20V
Isource = 20mA 18.0 185 v
Isource = 200mA 17.5 18.0 v
Rise Time T,=25°C C pap = InF (note 1) 30 60 ns
Fall Time Ta =25°C Cpap =1nF(note 1) 30 60 ns

8 Current-Limit Section

Current-Limit Threshold ’ 095 1.00 1.05 v
Input Bias Current 1 10 PA
Delay to Qutput 50mV Overdrive 70 100 ns

B Soft Start Section
Charge Current 45 90 14.0 uA
Discharge Current 0.7 20 mA

B Undervoltage Lockout Section

Start Threshold UVLO open 14.5 16.0 175 \Y

Stop Threshold UVLO open 8 9 10 \4

Start Threshold UVLO = V¢ 8 9 10 v

Stop Threshold UVLO =V 7.6 8.6 9.6 v

Vger UVLO threshold 37 42 VRer Vv

Disable Threshold 6 \Y
__UVLO Source Current UVLO =0V - 200 500 HA
M Total Supply Current

Operating - 43 50 mA

(Ci oan=1nF, Fog=500kHz)
Start-Up (UVLO Active) UVLO =V 0.5 0.7 mA

Note 1 Although guaianteed, these parameters are not 100% tested 1n production

379
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C8-361

Package Pin Description ‘
16 Lead SO Wide & PDIP

1 osC Oscillator charge pin. This provides a switched voltage source
equal to the reference. It provides charge current for the osalla-
tor capacitance when connected to Coge.

2 Cosc Oscillator capacitor, Ry, and the timing resistor, connect from
this node to ground.

3 Tose Oscillator control current. Current out of this node to ground
appears as discharge current for the oscillator components,
determining frequency of operation

4 Gnd Analog Ground.

VRer Voltage reference output.

6 EApur Qutput of error amplifier. This output drives Rpge to provide
control current to Igge.

EA+ Error amplifier non-inverting mput.
EA- Error amplifier inverting input.

9 UVLO Undervoltage lockout threshold adjust Thus pin s connected to
Ve to enable low voltage start and stop voltage. It 1s left open
for high voltage levels or grounded to disable reference.

10 Tsense Current limit sense input. The input of a 1V comparator used
to sense an over-current condition in the drive circuitry.

11 Soft-Start External capacitor to ground that determines how fast the out-
put for the error amplifier can rise. (See tirung curves for selec-
tion.)

12 Vour, Output A drives external transistors.

13 Pwr Gnd Power Ground.

14 VOUTB Output B.

15 Vee Supply voltage input

16 One-Shot Resistor and capacitor to ground, set the timing for the one-

shot. (See Table 1 for selection.)

e, SUPPLY CURRENT (mA)

AV, REFERENCE VOLTAGE CHANGE (mV)

Ve SUPPLY VOLTAGE (V) I

REFERENCE CURRENT (mA}

REF?
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CS-361
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' Circuit Description :

One-Shot sections. Fxternal components are included to
help explain the operation.

The C5-361 is recommended for use in resonant-mode

power supplies operating in the zero-voltage-switching

(ZVS) mode The IC regulates the output voltage of a EAur - '

power supply by varying the switching frequency, while e —
!

holding a constant OFF-TIME (Figure 1) For constant ON-

TIME and Constant Duty Cycle applications, please refer e

f | |

to the CS-360 data sheet. omesmat s N N NN SNINONNT
The circuit 1s principally an osallator that drives a steering : r_1' '

flp-flop (Figure 2). The flip-flop passes the pulses alter- oo 11 = I M
nately to each of the two output drivers. A programmable Vo S N S | M ml

One-Shot (B) is used to set the OFF-TIME. Output voltage P
is sensed at the mput of the error amphfier. The output of !
the error amplifier is connected to the internal current mir- OFF TIME
ror through the Royc and determines the discharge current Figure 1: Timing Diagram for CS-361.
of Cose and hence the frequency and ON-TIME of the out-

puts. Figure 2 shows a simplified diagram of the VCO and

B e e T
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Figure 2: VCO and One Shot section of the CS-361.
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CS-361

Circuit Description: continued : . - »

A window comparator (A) controls the charging and dis-
charging of timing capacitor Cogc. And internal transistor
(Q1) charges Cogc through the OSC Charge pin. With the
small series resistor this voltage rises quuckly, typically in
about 70ns. When the voltage on the Cpgc pin rises to 4.7
volts, comparator A output becomes low, turning off the
charging transistor Q1. The capacitor Cpge discharges
through Ry, Thus resistor sets the minimum discharge
rate and hence the lowest frequency of osallation. When
the voltage across Coge drops below 3.4 volts, comparator
A output becomes high, Q1 turns on again and the next
cycle starts.

When the output of comparator A is low it resets Flip-Flop
C, turning off both outputs and beginning the OFF-TIME
pertod. At the same time Q2 1s turned off, and One-Shot
capacitor Cr starts discharging through Ry

Different discharge times for Cpge can be obtamned by
changing the current of the Ingc pin. Current through this
pin is mirrored internally and 1s used to regulate the dis-
charge rate of Cpge. The maximum Iggc current deter-
mines the fastest Cgge discharge time and therefore the
highest frequency of oscillation.

The One-shot capacitor Cy value must be such that it dis-
charges faster than the oscillator capacitor Coge. Capacitor
Cr is charged through Q2. When either output is high,
Flip-Flop C is set. As the voltage on One-Shot drops below
3.1V, comparator B output becomes hugh and SETS Flip-
Flop C turning on one of the outputs. At the same time Q2
turns on and the One-Shot capacitor charges back to 4.4V
This event marks the beginning of ON-TIME. The dis-
charge time of the One-Shot is the OFF-TIME, the time
when both outputs are low. This time 1s fixed by values of
CT and RT

One of the outputs continues to remain on as the Cr dis-
charges to the lower threshold voltage. As the voltage on
Cosc passes the 3.4V, the comparator A output becomes
high and turns on transistor Q1, charging Cagc. As soon as
the Cpgc voltage passes 4.7V, comparator A's output
becomes low, the outputs are RESET, and the next cycle
starts. The Toggle Flip-Flop E causes the two outputs to
pulse alternately

If the discharge time of the One-Shot B is slower than the
Cosc discharge, a RESET 15 generated before Cy has

reached its lower threshold and the frequency of osalla-
tion is determined by the discharge tume of the oscillator
Cosc- This is not a desirable mode of operation for fixed
OFF-TIME mode

The Error Amphifier 1s used to determine the ON-TIME of
the regulator. Both inputs and the output of the Error
Amplifier are available to the user to allow more flexibility
in the choice of feedback and compensation network of
the power supply. A resistor (Rpge) 15 connected between
the output of the Error Amplifier and the [pgc pin. The
current that flows through Rgec 15 determined by the out-
put voltage on the Error Amp. This current is internally
mirrored and is used to discharge the oscillator capacitor,
Cose- The osallator runs at a munimum frequency when
the output of the Error Amp is high and at the maximum
frequency when it is low. The current is Rogc should not
exceed 0.5mA n order to preserve the linear relation
between error amp. voltage and oscillator frequency

The soft-start function is implemented by connecting a
capacitor, Cgg from the Soft-Start pin to ground. This func-
tion works by limiting the rise time of the output of the
Error Amplifier. The Error Amplifier can rise only as fast
as the Soft-Start capacitor can be charged from the internal
9uA current source.

The C5-361 has two levels of under-voltage lockout
(UVLO). If the UVLO pin is connected to V. the internal
reference is held off until the V,_ voltage rises above 9V
the reference then remains on as long as the V,. is above
8.6V. If the UVLO pin is left open, the start voltage is 16V
and the stop voltage 15 9V.

The UVLO pin can also be used for shutdown By connect-

mg UVLO pin to ground the reference and outputs will be
disabled.

The CS-361 has a very fast current-limit circuit. If a signal
greater than 1V is applied, the Igee. pin will cause the out-
put stages to be latched OFF until the UVLO 1s cycled.
During the current-limit latch the Soft-Start Capacitor is
discharged.

Table 1
Charge and discharge times for osallator capacitor, Coge: With EAgyr = 0.7V tas = (0.029) (95.3k) Cose
teng = 700 R Where Rype =953k, Rog = 6.8k
EAgyr 2 3.6V Vg = (VROSC - VEAOL‘T) Rowe One-shot capacitor, C;
tchg =~ 70ns
v, ak
Vp pe:
tais = Rviv X Coge In v, fas =Ry Viailey
with V=47V and V,=34V for Vpea=44V and Viye=3 1V
tas=0 32 Ry X Cosc ta, = 0.35 RyCr
V,+V,
P d . _ =
EAgur<36V tais = Rviv Cosc In V, + Vg4 Note that: OFF-TIME=ta o & spror
ON-TIME=tq,q, . - OFF-TIME

[C1 20L755k 0002979 814
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When power is mitially applied to the CS-361 only the

Circuit Description: continued

UVLO circuit 1s achive, drawing 300pA (typ) This allows
connection of the CS-361 to the high voltage DC bus
through a large value resistor. An energy storage capaci-
tor connected from V,_ to Gnd of the C5-361 is charged
through this resistor as power 15 mitially applied (Figure
3). The value of the capacitor is deterrmined by the amount
of energy needed to start the power supply before an aux-
iliary supply voltage has reached the CS-361 operating
voltage. The auxiliary power 1s usually drawn from the
auxiliary winding added to the power transformer or out-

There are two ground pins i the CS-361 - one is for power
and the other 1s for logic level signals. These grounds
should be connected together at one point on the PCB

Note: Keep high voltage routed separately and high
power connections should be as short as possible to mini-
mize radiation.

put inductor Note that the larger the value of the soft start
capacitor, the longer is takes to power up the power sup-
ply and hence the larger the bootstrap capacitor required.

AC Input f
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DC Bus

Rq
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..||_
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Figure 3: Bootstrap Function
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Package Specificatio

CS-361

D Thermal Data 16L 16L
Lead Count Metric ~ English PDIP SO Wide
Max Min Max Min ROjc typ 42 23 ‘C/W
16 PDIP 1918 1892 755 745| |ROpa typ 80 105 CT/W
16 SO Wide 1046 1021 412 402

L1101

6 60 ( 260)
610 (240)

165 (065) W
826 (325 740 ( 055) L 254(100)

749 ( 295) /\

-

432(170)
MAX
oss(ms)j
MIN
H 0561020 Some 8 and 16 lead
bt <‘041(015) aekages

packages may have 1/2 lead
at the end of the package
All specs are the same

«+ D

HAOAHAGAHAA T

759 (299) 1041 (410)
7 42 ( 292) 10 16 ( 400)

AR
HHHHHHHH
ozn ol j L

246 (097)
102(040) 029(012) -
061(024)  013(005) T

>
__Part Number i Description
_ CS36IN16 16L PDIP ] -
CS-361DW16 16L SO Wide
2/8/93 386 © 1995 Cherry Semiconductor Corporation
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