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Click here for production status of specific part numbers.

MAX17690

60V, No-Opto Isolated Flyback Controller

Benefits and Features

4.5V to 60V Input Voltage Range

No Optocoupler or Third Winding Required to Derive
Feedback Signal Across Isolation Boundary

2A/4A Peak Source/Sink Gate Drive Currents

50kHz to 250kHz Programmable Switching Frequency
Input EN/UVLO Feature

Input Overvoltage Protection

Programmable Soft-Start

Hiccup-Mode Short-Circuit Protection

Thermal Shutdown Protection

-40°C to 125°C Operating Temperature Range
Space-Saving, 16-Pin 3 x 3 TQFN Package

Applications

Isolated Flyback Converters

Wide-Range DC-Input Isolated Power Supplies
Industrial and Telecom Applications

PLC 1/0O modules

General Description

The MAX17690 is a peak current mode, fixed-frequency °
switching controller specifically designed for the isolated °
flyback topology operating in Discontinuous Conduction
Mode (DCM). The device senses the isolated output
voltage directly from the primary-side flyback waveform
during the off-time of the primary switch. No auxiliary winding
or optocoupler is required for output-voltage regulation.

The MAX17690 is designed to operate over a wide
supply range from 4.5V to 60V. The switching frequency is
programmable from 50kHz to 250kHz. A EN/UVLO pin
allows the user to turn on/off the power supply precisely at
the desired input voltage. The MAX17690 provides an input
overvoltage protection through the OVI pin. The 7V internal
LDO output of the MAX17690 makes it suitable for switching
both logic-level and standard MOSFETs used in flyback
converters. With 2A/4A source/sink currents, the MAX17690
is ideal for driving low Rps(oN) power MOSFETs with fast
gate transition times. The MAX17690 provides an adjustable
soft-start feature to limit the inrush current during startup.

The MAX17690 provides temperature compensation for
the output diode forward voltage drop. The MAX17690 has
robust hiccup-protection and thermal protection schemes,
and is available in a space-saving 16-pin 3mm x 3mm
TQFN package with a temperature range from -40°C to 125°C.

Application Circuit

Ordering Information appears at end of data sheet.
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MAX17690 60V, No-Opto Isolated Flyback Controller

Absolute Maximum Ratings

INTVCC t0 SGND......ooiiiiiiiieiiie e -0.3V to +16V Continuous Power Dissipation (single-layer board)

VN, EN/UVLO to SGND .....cooiiiiiiiieieiee -0.3V to +70V (Tp = +70°C, derate 15.6mW/°C above +70°C)........ 1250mwW

VINTO FB oo -0.3V to +0.3V Continuous Power Dissipation (multilayer board)

OVI 10 SGND ..ot -0.3V to +6V (Ta = +70°C, Derate 20.8mW/°C above +70°C)....1666.7mW

RIN, RT, VCM, COMP, SS, Operating Temperature Range............ccccecue... -40°C to +125°C
SET, TCand CSto SGND ......ccceeevieiiiiiiieiinns -0.3V to +6V Junction Temperature .........cccccooiiiiiiiiiiiiees +150°C

NDRV t0 PGND......cooeiiiieiiiiiiiicniee -0.3V to V|nTVCCe + 0.3V Storage Temperature Range........ .-65°C to +150°C

Soldering Temperature (reflow)........ccccccoeveviceeriieeene +260°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional operation of the device at these
or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

Package Information

PACKAGE TYPE: 16 TQFN

Package Code T1633+4C
Outline Number 21-0136
Land Pattern Number 90-0031
THERMAL RESISTANCE, SINGLE-LAYER BOARD

Junction to Ambient (64) 64°C/W
Junction to Case (8,¢) 7°C/IW
THERMAL RESISTANCE, FOUR-LAYER BOARD

Junction to Ambient (6 a) 48°C/W
Junction to Case (6,¢c) 7°C/IW

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.com/packages. Note that a “+”,
“#”, or “-” in the package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing
pertains to the package regardless of RoHS status.

Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer board.
For detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-tutorial.

Electrical Characteristics

(VIN =24V, VEN/UVLO =2V, VOVI =0V, RRT =49.9kQ, CINWCC = 2.2pF to PGND; VPGND = VSGND =0V, NDRV =SS = VCM = COMP = OPEN,
CS = PGND, V|\ to FB = 0V, RggT = 10kQ, R1c = 27.5K, RR|N = 60kQ,Tp = Ty = -40°C to +125°C, unless otherwise noted. Typical
values are at Tp = T = +25°C. All voltages are referenced to SGND, unless otherwise noted.) (Note 1)

PARAMETER | SYMBOL CONDITIONS | MIN TYP MAX | UNIT
INPUT VOLTAGE (V|n)
V|N Voltage Range VIN 4.5 60 Vv
Input Supply Shutdown IIN SH Vi o = OV (shutdown mode) 2.5 4 pA
Current - V)N = 60V 35 pA
Input Switching Current Isw No capacitor at NDRV 1.8 mA
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MAX17690

60V, No-Opto Isolated Flyback Controller

Electrical Characteristics (continued)

(VIN =24V, VEnjuvLo = 2V, Vov) = 0V, RrT =49.9kQ, CinTvee = 2.2uF to PGND; VpanD = Vsenp = 0V, NDRV =SS = VCM = COMP = OPEN,
CS = PGND, V|\ to FB = 0V, RgeT = 10kQ, R1c = 27.5K, RR|N = 60kQ,Tp = Ty = -40°C to +125°C, unless otherwise noted. Typical
values are at Tp = Ty = +25°C. All voltages are referenced to SGND, unless otherwise noted.) (Note 1)

PARAMETER | SYMBOL CONDITIONS | MIN TYP MAX | UNIT
ENABLE (EN/UVLO)
EN/UNVO Threshold VENR VEN rising 1.19 1.215 1.24 \
VENF Ve falling 1.07 1.1 1.12 \
%urzsshrgl;lédown EN/UVLO VENSHDN 07 Vv
E'::i\rf't‘o Input Leakage ENLKG | VENUVLO = 2V, Ta= Ty = +25°C -100 +100 | nA
INTVCC LDO
INTVCC Output Voltage VINTVCG ViN = 8V, TmA < iNTvCC < 25mA 6.65 7.0 7.35 \
Range 8V < VN 260V, IINTvce = TmA 6.65 7.0 7.35 \
INTVCC Current Limit INTveemax | VIN = 8V, INTVCC =6V 26 60 mA
INTVCC Dropout VINTVee-Do | VIN =4.5Y, IINTvee = 10mA 41 Vv
INTVCG LLVO VINTVCe-UvR | Rising 4.2 4.32 4.45 Vv
VINTVCC-UVF Falling 3.9 4.03 4.15 Vv
ovI
OVl Threshold VovIR Vov rising 1.19 1.215 1.24 \
VovIE Vov falling 1.07 1.1 1.12 \
OVI Input Leakage Current loviLkG Vov| =2V, Tp=Ty=+25°C -100 +100 nA
NDRV
RT Bias Voltage VRT 1.215 Vv
gaDr:\;\; Switching Frequency fow 50 250 KHz
Ecl?ci\r/af;/vitching Frequency 6 +6 %
Maximum Duty Cycle 66 69 71 %
Minimum NDRV On-Time toN_MIN 200 235 ns
Minimum NDRV Off-Time toFF_MIN 430 490 ns
NDRYV Pullup Resistance RNDRV P INDRV = 100mA (sourcing) 1.6 2.8 Q
NDRV Pulldown Resistance RNDRV N INDRV = 100mA (sinking) 0.45 0.9 Q
NDRV Peak Source Current I-SOURCE 2 A
NDRV Peak Sink Current I-SINK 4 A
NDRYV Fall time TNDRV_F CNDRV = 3.3nF 11 ns
NDRYV Rise Time TNDRV_R CNDRV = 3.3nF 16 ns
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MAX17690 60V, No-Opto Isolated Flyback Controller

Electrical Characteristics (continued)

(VIN =24V, VEnjuvLo = 2V, Vov) = 0V, RrT =49.9kQ, CinTvee = 2.2uF to PGND; VpanD = Vsenp = 0V, NDRV =SS = VCM = COMP = OPEN,
CS = PGND, V|\ to FB = 0V, RgeT = 10kQ, R1c = 27.5K, RR|N = 60kQ,Tp = Ty = -40°C to +125°C, unless otherwise noted. Typical
values are at Tp = Ty = +25°C. All voltages are referenced to SGND, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS | MIN TYP MAX | UNIT
SOFT-START (SS)
Soft-Start Charging current Iss Vgs =1V 4.75 5 5.25 pA
Soft-Start Done Threshold Vgs rising 0.98 \Y
CURRENT SENSE (CS)
m’g;’;}m CS Current-Limit Ves max | VseT=0.8V 90 100 110 | mv
!\I_Ar:rrl;rzsgrdcs Current-Limit VoS MIN Vsgr = 1.2V 20 mv
CS Input Bias Current Ics Vcs = 0V 7.5 10 13.5 HA
$;:ea;vr\:2|):j0urrent-Limit RU\:\‘CAS\;AY 108 120 132 mv
Overcurrent Hiccup Timeout VgeT <0.7V 16,384 cycles
SET
SET Regulation Voltage VseT 0.988 1 1.012 Vv
SDE(':I'aLLJJQZeHr\i/:(I:tuaF?e Trip Level VSET HICF 07 Vv
TC
TC Pin Bias Voltage V1e Tao=Ty=+425°C 0.55 Vv
TC Current ITc Rtc = 27.5kQ 20 MA
COMP
'Errarlirsﬁ;ﬂ:j Ift;nce Gm 16 ms
COMP Source Current ICOMP_ |\ oup = 2V and Ve = 0.8V 95 136 190 A

SOURCE

COMP Sink Current Icomp_sINk | Vcomp = 2V and VgeT = 1.2V 95 136 190 uA
MAX COMP Voltage VcoMPH RseT = 8kQ 29 V
MIN COMP Voltage VcompL RseT = 12kQ 1.55 \
COMP-to-CS Gain ACS-PWM | AVcomp/AVcs 10.0 10.3 10.7 VIV
VCM
VCM Pullup Current VCM = PGND 9.4 10 10.6 uA
THERMAL SHUTDOWN
Thermal-Shutdown Threshold TSHDNR Temperature rising +160 °C
Thermal-Shutdown Hysteresis TSHDNHY +20 °C

Note 1:

by design and characterization.
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MAX17690 60V, No-Opto Isolated Flyback Controller

Typical Operating Characteristics
(VIN =24V, VEN/UVLO =42V, VOVI = SGND, CVIN = 1uF, CINTVCC = 2.2yuF, TA = +25°C, unless otherwise noted.)
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MAX17690 60V, No-Opto Isolated Flyback Controller

Typical Operating Characteristics (continued)
(VIN = 24V, VENn/uvLO = +2V, Voy = SGND, Cy N = 1uF, CinTvee = 2.2uF, Ta = +25°C, unless otherwise noted.)

STEADY-STATE WAVEFORMS STEADY-STATE WAVEFORMS
LIGHT LOAD FULL LOAD

i [ ERNRERERN 5
st W ﬁ e H ,‘uf;.‘w‘,‘.,.i, ]J,‘ o] SO0MAdliv NDRV : 5V/div

Vos 1 Joovidi 20Vidiv
4
NDRV " H ﬂ 5Vidiv 1A/div
“TopsTd — TusTd
SOFT-START, LIGHT LOAD SOFT-START, FULL LOAD
0009 toc10
u [ ?
5V/div 3 5V/div
Venovio b Venwvio | l :
2V/div 2V/div
Vour i Vour
i il l I l i
lout | i | 500mA/div lout 500mA/div
2ms/div 2m.s,/div
OUTPUT-VOLTAGE RIPPLE
FULL LOAD OVERLOAD PROTECTION
toc11 toc1.
U
T T
bl 20mVidiv .
| Vour - 2V/div
NDRV - 5Vidiv
2ps/div 20ms/div
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MAX17690 60V, No-Opto Isolated Flyback Controller

Pin Configuration

8 > o
E 5 & &
= = o o
ovi jﬁi 77777777777777777777777777777 i (7172” SGND
ENUVLO [ 2 | 1| RT
77777 MAX17690 ]
v | 3| . 110 SS
FB 4 b g | comp
5. 16, 7| 18]
- &) = =
5 5 g =
Pin Description
PIN NAME FUNCTION
Input Overvoltage Detection. Connect a resistive-divider between the input supply, OVI, and SGND to set
1 ovi the input overvoltage threshold. The MAX17690 stops switching when the voltage at the OVI pin exceeds

1.215V and resumes switching when the voltage at the OVI pin falls below 1.1V.

2 EN/UVLO

Enable/Undervoltage Lockout Pin. Connect a resistive-divider between the input supply, EN/UVLO, and
SGND to set the input turn-on threshold. The MAX17690 starts switching when the voltage at the EN/
UVLO pin exceeds 1.215V and stops switching when the voltage at the EN/UVLO pin falls below 1.1V.

Input Supply Voltage. The input supply voltage range is 4.5V to 60V. This pin acts as a reference pin for

3 VIN the feedback circuitry connected to the FB pin. Connect a minimum of 1uF ceramic capacitor between the
VN pin and SGND.

4 FB Feedback input for sensing the reflected output voltage during Flyback period. See the Selection of Ry,
Rrp, and RseT1 Resistor section for selecting an appropiate Rgp resistor.

5 SET Input for the External Ground-Referred Reference Resistor. Connect a 10kQ resistor from the SET pin to

SGND and place as close as possible to the MAX17690 IC.

www.maximintegrated.com
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MAX17690

60V, No-Opto Isolated Flyback Controller

Pin Description (continued)

PIN NAME FUNCTION
6 TC Output Voltage Temperature Compensation. Connect the resistor Rt¢ from the TC pin to SGND to set the
temperature compensation. Current through TC pin is given by 0.55/Rt¢.
Common-Mode Voltage Selector for Internal Zero Current Detector Block. Connect a resistor Rycp from
7 VCM the VCM pin to SGND. See the Selection of Ryc) Resistor section for selecting an appropriate Rycm
resistor.
A current proportional to V) flows through RIN resistor. Connect a resistor Rgjy from the RIN pin to
8 RIN
SGND.
9 COMP Error Amplifier Output. Connect the frequency compensation network between COMP and SGND.
10 ss Soft-Start. Connect a capacitor Cgg from the SS pin to SGND to program the soft-start time interval. Pullup
current at this pin is SpA.
Switching Frequency Programming Resistor. Connect a resistor Rrt from RT to SGND to set the PWM
11 RT switching frequency. This pin is regulated to 1.215V. See the Switching Frequency section for selecting an
appropriate Ryt resistor.
12 SGND Signal Ground.
13 CS Current Sense Input. See the Setting Peak Current Limit section for selecting an Rcg resistor.
14 PGND Power Ground.
15 NDRV Driver Output. Connect this pin to the external MOSFET gate. Switches between INTVCC to PGND.
16 INTVCC Linear Regulator Output and Driver Input. Connect a minimum of 2.2uF bypass capacitor from INTVCC pin
to PGND as close as possible to the MAX17690 IC. This pin is typically regulated to 7V.
EP Exposed Pad. Connect this pin to the signal ground plane.

www.maximintegrated.com
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MAX17690

Functional Diagram

60V, No-Opto Isolated Flyback Controller
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MAX17690

Detailed Description

For low and medium-power applications, the flyback
converter is the preferred choice due to its simplicity and
low cost. However, in isolated applications, the use of
optocoupler or auxiliary winding for voltage feedback
across the isolation boundary increases the number of
components, and design complexity. The MAX17690
eliminates the optocoupler or auxiliary winding, and
achieves +5% output voltage regulation over line, load,
and temperature variations.

The MAX17690 implements an innovative algorithm to
sample and regulate the output voltage by primary-side
sensing. During the flyback period, the reflected voltage
across the primary winding is the sum of output voltage,
diode forward voltage and the drop across transformer
parasitic elements, multiplied by the primary-secondary
turns ratio. By sampling and regulating this reflected voltage
close to the secondary zero current, the algorithm minimizes
the effect of transformer parasitics and the diode forward
voltage on the output voltage regulation.

Supply Voltage

The IC supports a wide operating input voltage range
from 4.5V to 60V. The MAX17690 regulates the FB pin
to the voltage sensed on the VN pin during the flyback
period, thus resulting in a current in Rgg that is propor-
tional to the reflected voltage on the primary winding. This
current is used by the MAX17690 as a feedback signal for
output voltage regulation. Therefore, the V)N pin should
be directly connected to the input supply with a minimum
of 1uF ceramic capacitor between V)N pin and SGND,
placed as close to the IC as possible for robust operation.

EN/UVLO and OVI

This device’s EN/UVLO pin serves as an enable/disable
input, as well as an accurate programmable input UVLO
pin. The MAX17690 do not commence startup operation
until the EN/UVLO pin voltage exceeds 1.215V (typ).
The MAX17690 turns-off if the EN/UVLO pin voltage falls
below 1.1V (typ). A resistor-divider from V|Ny to SGND
can be used to divide and apply a fraction of the input
voltage (V|N) to the EN/UVLO pin. The values of the

www.maximintegrated.com

60V, No-Opto Isolated Flyback Controller

resistor-divider can be selected so that the EN/UVLO pin
voltage exceeds the 1.215V (typ) turn-on threshold at the
desired input bus voltage. The same resistor-divider can
be modified with an additional resistor (Roy)) to implement
input overvoltage protection in addition to the EN/UVLO
functionality, as shown in Figure 1. When the voltage
at the OVI pin exceeds 1.215V (typ), the device stops
switching. The device resumes switching operations only
if the voltage at the OVI pin falls below 1.1V (typ). For
given values of startup input voltage (VsTaRT) and input
overvoltage-protection voltage (Vov)), the resistor values
for the divider can be calculated as follows, assuming a
10kQ resistor for Roy:

v
ReN =Rovi x {V&_q
START

Where Ry is in kQ, while VgTaRT and Voy are in volts

Vv
Ren-Top =[Rowi +Ren]x [%ﬁ‘? - 1}

Where REN , Royj is in kQ, while VgTART is in volts.

VIN
REN-TOP
EN
REN MAX17690
ovl
ROVI

Figure 1. Programming EN/UVLO and OVI
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MAX17690

INTVCC

The V|N powers internal LDO of the MAX17690. The
regulated output of the LDO is connected to the INTVCC
pin. The LDO output voltage is 7V (typ). Connect a 2.2uF
(min) ceramic capacitor between the INTVCC and PGND
pins for the stable operation over the full temperature
range. Place this capacitor as close as close possible to
the IC. Although there is no need for an auxiliary winding
for the voltage feedback, for some applications with input
voltages greater than 8V, an additional winding used
to overdrive the INTVCC may improve overall system
efficiency. The auxiliary winding should be designed
to output a voltage between 8V and 16V to ensure
that the internal LDO turns off and the IC is supplied
from the auxiliary winding output. The typical circuit for
overdriving the INTVCC is shown in Figure 2.

Programming Soft-start time

The capacitor connected between the SS pin to SGND
programs the soft-start time. Internally generated 5pA of
precise current source charges the soft-start capacitor.
When the EN/UVLO voltage is above 1.215V (typ), the
device initiates a soft-start sequence. During the soft-start
time, the SS pin voltage is used as a reference for the
internal error amplifier. The soft-start feature reduces the
input inrush current during startup. The reference ramp-up
allows the output voltage to increase monotonically from
zero to the target output value.

Css =5xtss

where,
Cgs = Soft-start capacitor in nF
tgg = Soft-start time in ms

Switching Frequency

The MAX17690 switching frequency is programmable
between 50kHz and 250kHz with a resistor RrT con-
nected between RT and SGND. Based on the sampling
algorithm requirements, for the given minimum and maxi-
mum input voltage the maximum switching frequency is
determined by,

720000 x Dppax * VIN MIN
VIN MAX

fgw < [ ] where

Diiax = VIN MAX
VINMAX + (2% VINMIN)

www.maximintegrated.com
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VIN Voutr

2.2uF Cout

NA

INTVCC

NDRV H E a

i Res

VIN MIN = Minimum Input Voltage in Volts

MAX17690

Figure 2. INTVCC Pin Configuration.

where,

VIN MAX = Maximum Input Voltage in Volts
fsyw = Switching frequency in Hz.

Dmax = Maximum operating duty cycle. If the calculated
Dpax is > 0.65, then choose Dpyax = 0.65

Use the following formula to determine the appropriate
value of RRT to program the selected fgy, Dmax

where,
RRT = Resistor value in kohm
fsw = Switching frequency in Hz

Selection of R|N, RFB, and RsgT Resistor

The MAX17690 uses the current in the feedback resis-
tor (Reg) placed between the FB pin and the drain node
of the NMOSFET to sense the reflected output voltage
during the primary turn-off time. Use below equations for
selecting the appropriate values of RgeT , RFg and RN
to set the desired output voltage and for proper output
voltage sampling

RgeT = 10kQ

N
RFB:[ P

0.55x (3Vp / 8T
Ng x100x10~® ]((VOUTWDH ol )j
SX X

Ve /8T
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MAX17690

where,
Rep is the feedback resistor value in Ohm
Vourt is the desired output voltage in Volts

Np/Ng is the primary-to-secondary turns ratio of the
transformer and its value is determined in the Transformer
Magnetizing inductance and Turns Ratio section

Vp is the forward voltage drop of the secondary rectifier
diode in Volts
OVp/dT is the temperature coefficient of the secondary
rectifier diode in mV/°C and
OVTc/0T =1.85mV/°C

RiN = 0.6 x RFp
Where, RN and Rgg resistor values are in Q

In practice, due to the drop across the secondary leakage
inductance of the transformer and the error caused by
the difference between the actual Vp and the Vp used to
calculate the Rppg, the measured output voltage may
deviate from the target output voltage. Use below equations
to readjust the output voltage to the desired value,

Vo(TARGET)
VO(MEASURED)
RRINNNEW) = 0.6 xREB(NEW)

RFB(NEW) = xRFp

Selection of Rycm Resistor

The device generates an internal voltage proportional to
the on-time Volt-seconds, to determine the correct sampling
instant for the reflected output voltage on primary winding
during the off-time. The Rycm resistor is used to scale
this internal voltage to the acceptable internal voltage
limits. Follow the steps below to select the Ry resistor,

1) Using the below formula, calculate the scaling constant
(Ke)

100 x (1-Dyax)
(fSW x3x1o*12)

where fgyy isin Hz

Kc

2) From Table 1, choose the row that has the equal or
higher value for K¢ with regard to the calculated K¢ in
step 1. Select the Ry ¢\ resistor value from the
corresponding row.

www.maximintegrated.com
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Table 1. Rycm Resistor Selection

S.NO Kc Rycm (Q)
1 640 0
2 320 75k
3 160 121k
4 80 220k
5 40 Open

For example, if the calculated K¢ is 100 then choose
the row with K¢ equal to 160. Select the corresponding
121kQ for the Rycm value.

Temperature Compensation

The secondary diode forward voltage drop (Vp), has a
significant negative temperature coefficient. To compensate
for this, a positive temperature coefficient current source
is internally connected to the SET pin. The voltage at the
TC pin is regulated to 0.55V at room temperature. This
voltage has a 1.85mV/°C positive temperature coefficient.
The Rtc, a resistor connected between the TC pin and
SGND sets the current V1¢c / R into the SET pin. The
following equation is used to calculate the Rt¢

Ric =|—— | 0.55.+ (YouT * VD) x(8V1¢ / 8T)
100u (8Vp /8T)

where,

OVp/dT is the secondary diode’s forward voltage
temperature coefficient in mV/°C (this value should be
taken from the diode data sheet or from the manufacturer
of the diode)

8V1c/8T = 1.85mV/°C

Short-Circuit Protection/Hiccup

The device offers a hiccup scheme that protects and
reduces power dissipation in the design under output
short-circuit conditions. One occurrence of the runaway
current limit or output voltage less than 70% of regulated
voltage would trigger a hiccup mode that protects the
converter by immediately suspending the switching for the
period of 16,384 clock cycles. The runaway current limit is
set at a Vgs-peak of 120mV (typ).

Maxim Integrated | 12
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Applications Information

Transformer Magnetizing inductance and
Turns Ratio

Since the DCM is the recommended mode of operation
for the MAX17690 based flyback converter, use the below
equation to determine the appropriate value for the Liyag,

2
0.4x (V)N MIN *Dmax)
Vour xlouTt *fsw

LvaG =

where,

VouT = Desired output voltage in Volts

louT = Desired output current in Amps

Lpmac = Transformer magnetizing inductance in Henry

Dpax = Maximum duty cycle, use the value calculated in
Switching frequency section

fsw = Switching frequency in Hz, select the frequency
equal to or less than the value calculated for the fgyy in
the switching frequency section.

For the selected Lyyag and the fgyy, recalculate the operating
duty cycle using the below formula

D= J2.5xLmag * Vout xlout * fsw
VINMIN

The following equation is used to determine the value of K,

_Ng _0.8x(Voyr)*(1-D)
Np ViNmiNxD

K

60V, No-Opto Isolated Flyback Controller

To achieve +5% voltage regulation over line, load and
temperature, the leakage inductance should be limited to
1.5% to 2% of the transformer magnetizing inductance.
Refer Table 2 for the list of standard transformers developed
for different applications using the MAX17690.

Setting Peak Current Limit

A current-sense resistor, connected between the source
of the NMOSFET and PGND, sets the peak current limit.
Use the following equation to calculate the value of Rcg

25 X VOUT X IOUT
ILim =

Lmac * fsw
0.08
Res=1—
LIM

where I\ is the peak current through the NMOSFET

For the stable operation, the recommended minimum
on-time (ton mIN) and the minimum off-time (topr MIN)
are 230ns(max) and 490ns(max) respectively. Use the
below equations to check these values for the selected
transformer magnetizing inductance, turns ratio and current
sense resistor.

tONM|N= LMAGXO'OZ >230n
Rcs < VINMAX
tOEF MIN _KxLmagx002 o5,

Res xVour

If the above conditions are not met, reduce the fg\y and
recalculate the Lpag, K and Rcs. Repeat this step till the
conditions given above for the ton MiN @nd the toFF MIN
are satisfied.

Table 2. Predesigned Transformers—Typical Specifications Unless Otherwise Noted

TRANSFORMER |SIZE (W x L xH) | Lpry | LLeak | NPS ISAT | RPRI | RSEC | 11 ANUFACTURER TARGET APPLICATION
PART NUMBER (mm) (MH) | (nH) | (NP:NS) | (A) | (mQ) | (mQ) NPUT ()| OUTPUT
13.34 x 15.24 ] Wurth
750343444 1143 36 900 4.5:1 16 | 80 8 Elektronik 18-36 5V/1A
13.46 x 17.75 _ Wurth +15V/200mA
750343182 197 33 500 1:1 22 | 46 | 129 Elektronik 18-36 | v/200mA

www.maximintegrated.com
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Minimum Load Requirement

The MAX17690 samples the reflected output voltage
information on the primary winding during the time when
the primary NMOSFET is turned-off, and energy stored
during the on-time is being delivered to the secondary. It
is therefore mandatory for the MAX17690 to switch the
external NMOSFET to sample the reflected output voltage.
A minimum packet of energy needs to be delivered to
the output even during light load conditions, in order to
sample and regulate the output voltage. This minimum
deliverable energy creates a minimum load requirement
on the output that depends on the minimum peak primary
current. For a discontinuous Flyback converter, the load
power Pg is proportional to the square of the primary
peak current(lpk_pry)-

Po = 0.5% Lmag * I2pk_pry x fsw x n
The minimum peak primary current directly depends on
the selection of R¢g value, since the minimum

MAX17690 primary peak current cannot go lower than

Ves MIN

where Vog min = 20mV(typ).
Rcs -

At low output power levels that demand energy less than
that corresponding to the minimum primary current, the
MAX17690 modulates the switching frequency between
faw/4 and fgyy to adjust the energy delivered to the correct
level required to regulate the output voltage. As the load
current is lowered further, the MAX17690 spends more
and more switching cycles at fg\y/4, until the device com-
pletely settles down at fg/4. At this point the MAX17690
has reached its minimum load condition, and cannot regu-
late the output voltage without this minimum load con-
nected to the output. This small minimum load can easily
be provided on the output by connecting a fixed resistor.
In the absence of a minimum load, or a load less than
the “minimum load” the output voltage will rise to higher
values. To protect for this condition, a Zener diode of
appropriate breakdown voltage rating may be installed on
the output. Care should be taken to ensure that the Zener
breakdown voltage is outside the output voltage envelope
in both steady state and transient conditions.

Given that maximum load power corresponds to a
Vcs max = 100 mV, and noting that the deliverable
load current is proportional to the square of the primary
peak current in a discontinuous mode Flyback converter,
Vcs MIN = 20mV corresponds to a 4% of full load at

www.maximintegrated.com
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100% efficiency, and switching frequency of fgy. Since
the MAX17690 can drop its switching frequency to fgw/4,
the minimum load requirement reduces further to 1%. In
practice, the efficiency is less than 100%, resulting in a
minimum load requirement of less than 1%.

Output Capacitor Selection

XT7R ceramic output capacitors are preferred in industrial
applications due to their stability over temperature. The
output capacitor is usually sized to support a step load of
50% of the rated output current so that the output voltage
deviation is contained to 3% of the rated output voltage.
The output capacitance can be calculated as follows

IsTEP X TRESPONSE
2x AVOUT

Cour =

_(0.33 1
TRESPONSE =| ¢+ —
C SW

where,
IsTEP = Load step
TRESPONSE = Response time of the controller
AVoyT = Allowable output voltage dip
fc = Target closed-loop band-width, to be selected
between 1/20 to 1/40 of the fgw.

Loop Compensation

The MAX17690 is compensated using an external resistor
capacitor network on the COMP pin. The loop compensation
network are connected as shown in Figure 3.

The loop compensation values are calculated as follows:
Rz =12500xR¢g {f&} /M Q
fp [\ 2xLprixfsw

z=————Farad
21‘E><Rz><fp

Cp= ; Farad
T X RZ X fSW
where :

fp = L Hz

V
nx U Coyr
lout
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COMP ¢

MAX17690
Rz

Cz

Figure 3. Loop Compensation Arrangement

Selection of Primary MOSFET

MOSFET selection criteria includes maximum drain
voltage, primary peak/RMS current, the on-state
resistance (Rps(on)), total gate charge(Qg), the parasitic
capacitance(Coss) and the maximum allowable power
dissipation of the package without exceeding the junction
temperature limits. The voltage seen by the MOSFET
drain is the sum of the input voltage, the reflected second-
ary voltage on the transformer primary, and the leakage
inductance spike. The MOSFET's absolute maximum
VDS rating must be higher than the worst-case drain
voltage,

25x(VouT + Vp)
Vpsmax = VINMAX +[ ?(UT D j

RCD and RC snubber Circuit section covers the selection
of snubber components to limit the drain-to-source voltage
to Vps mAx Vvalue selected in the above equation.

The RMS current in the MOSFET can be calculated using
the below formula.

IMosFET(RMS) = /I jy* xD /3

www.maximintegrated.com
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The conduction loss in the MOSFET can be calculated
using the formula given below,

PconbucTioN = IMOSFET 2 (RMS) x Rps(oN)
The designer can choose the MOSFET Rpg(on) based
on the efficiency specification and the MOSFET package
power dissipation capability. It is easy to find a MOSFET
with low Rps(on) that contributes to small percentage
of full load power loss but it is also important to select
low Qg MOSFET that require minimum losses at lighter
loads. Use the below formula to calculate the driver loss,

PINTvce = INTVCC x Qg * fsw

Selection of Secondary Diode

In a flyback converter, since the secondary diode is
reverse biased when the primary MOSFET is conducting,
the voltage stress on the diode is the sum of the output
voltage and the reflected primary voltage. Choosing the
diode with enough margin for the reverse blocking voltage
as indicated in the below equation should preclude the
use of a snubber.

Vsec, plope = 1.5 x (K xViN max + VouT)
Select a diode with low forward-voltage drop to minimize
the power loss (given as the product of forward-voltage
drop and the average output current) in the diode. Select
fast-recovery diodes with a recovery time less than 50ns,
or Schottky diodes with low junction capacitance for this
purpose.

RCD and RC Snubber Circuit

Ideally, the external MOSFET experiences a drain-source
voltage stress equal to the sum of the input voltage
and reflected output voltage across the primary winding
during the off period of the MOSFET. In practice, parasitic
inductors and capacitors in the circuit, such as leakage
inductance of the flyback transformer and the MOSFET
output capacitance cause voltage overshoot and ringing
on the drain node of the MOSFET. Snubber circuits are
used to limit the voltage overshoot to safe levels, within
the voltage rating of the external MOSFET. The widely
used RCD snubber circuit is shown in Figure 4 and the
operating waveforms with the snubber circuit are shown

in Figure 5.
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D1 Vout

Cout

r— -1

MAX17690

1
NDRV Q —|—Coss

Res

Rcs

Figure 4. RC and RCD Clamp Circuitry

Use the following formula to calculate the snubber
components,

2
PSNUB =0.833x LLK X (ILIM) X fSW
6.25 x (VOUT + VD )2

Rsnus=
2
K* xPgNuB
2 2
2xLyk xI x K
Conup= LK <! Lim .
(Vout + VD)
where,K:N—S
N

P

The reverse blocking voltage rating for the snubber diode
(D2) is given by,

Vp2 =ViNmax + (2-5 x V(})(J]

The RCD clamp only limits the maximum voltage stress
on the primary MOSFET during the clamping period but
at the end of the clamping period due to the remaining
stored energy in the leakage inductance, oscillations are

www.maximintegrated.com
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observed on the drain node due to interaction between LIk
and the drain node capacitance (Cpar). The MAX17690
uses the drain voltage information to sample the output
voltage and the earliest sampling instant is 350ns from
the NDRYV falling edge. Therefore, it is important to damp
the drain node ringing within 350ns from the NDRV falling.

For designs, with dominant ringing on the drain node after
350ns from the NDRYV falling, an additional RC snubber
across the transformer primary winding is required. Use
the following steps for designing an effective RC snubber,

1) Measure the ringing time period t1 for the oscillations on
the drain node immediately after the clamp period.

t1=2nLk xCpaR

2) Add a test capacitance on the drain node until the
time period of this ringing is increased to 1.5 to 2
times of t4. Start with a 100pF capacitor. With the
added capacitance Cp measure the new ringing
time period (1),

to = 2n Lk x(CpaR +Cp)

3) Use the following formula to calculate the drain node
capacitance (CpaRr),

4) Use the following formula to calculate the leakage
inductance,

t4?

Lik=———F T
(4x7° xCpaR)

5) Now, use the following equations to calculate the RC
snubber values,

Cc =1.5 to 2 times the Cppr

R = [ Lik
CpAR
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IPRI

ISEC

2.5 x VO/k

VIN

s I FF\ N Al
VAY

NDRV

LLk-Coss RINGING

Figure 5. Waveforms with RCD Clamp.

Design Example:

The following industrial specification is used to demonstrate
the design calculations for the MAX17690 based flyback
converter,

Input voltage range: 18V to 36V
Output voltage: 5V
Load current: 1A

1. Selection of Duty cycle

Plug-in the VN miN @nd VN max from the above specification
in the formula below to calculate the Dpax,

Diax = VIN MAX
VINMAX *+ (2% VINMIN)

J =0.5p.u

www.maximintegrated.com

2. Switching Frequency
Use the below formula established earlier in this data
sheet to calculate the maximum possible fgyy,

fSW <

720000 xDpax x VIN MIN
VIN MAX

e (720000 x 0.5 18)
SW = 36
fsw < 180kHz

For the present application, the switching frequency
is selected as 180kHz. The RRt is calculated for the
selected fgyy,
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5x10°

ReT = = 27.7kQ,
RT =180k

standard resistor of 27.4kQ is selected for RRT,
3. Transformer magnetizing inductance and Turns
Ratio

Once the switching frequency and duty cycle are selected,
the transformer magnetizing inductance(Lpag) can be
calculated from the energy balance equation given in the
data sheet,

0.4 % (VN MIN * Dmax)?
Vour xlouTt *fsw

0.4x(18x0.5)2
5x1x180k

Lvag =

LMAG = =36|JH.

For the present design Lyag is chosen to be 36pH. Use
the following equation to calculate the maximum duty
cycle of the converter for the selected frequency and
magnetizing inductance,

D= V2.5xLmac x Vout *lout * fsw
VINMIN

D — V2.5 360 x5x1x 180k
h 18

=0.5p.u

Calculate the required transformer turns ratio (K) using
the below formula,

K_N_S_O.BXVOUTX(1—D)

Np DxVINMIN
k_Ns _08x5x(1-05) o,
Np 0.5x18

For the present design, K is chosen as 1:0.222

4. Selection of Current Sense Resistor

The transformer primary peak current value depends
on the output power, Lyag and the fgyy. Use the below
formula to calculate the peak current,

www.maximintegrated.com
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25xV x|
,LIM:\/ out xlout

Lmac * fsw
25x5x1
Iy = [2222X T 38A
LIM ™4/ 360 x 180k

The value of Rgg decides the peak current limit and the
runaway current limit. Use the below formula to select the

Rcs,

For the present application, a standard resistor of 56mQ
is selected.

5. Calculate the Min ton and Min tofpg
The MAX17690 has the minimum current sense voltage
threshold limit at 20mV. For the selected current sense
resistor, the minimum primary peak current allowed by
the converter is,

0.02 0.02

| == 2 _0.357A
PYMIN " Rcs  0.056

The minimum time required by the converter to reach the
minimum primary peak current is,

LmMAG *IPYMIN _ 36px0.357
VIN MAX 36

=357ns

toNmIN =

The calculated toN MmN Value (357ns) is higher than the
MAX17690 ton mIN (230ns). Similarly, the minimum off-
time of the converter is calculated as,

KxLmag xIpyYMIN _ 0.22x 36px0.357
Vout 5

tOFF MIN = =565ns

The calculated torr MmN Value (565ns) is higher than the
MAX17690 torr mIN (490ns).
6. Selection of Secondary Diode
The maximum operating reverse-voltage rating must
be higher than the sum of the output voltage and the
reflected input voltage.
Vsec, biobe = 1.5 x (K xV|N max + VouT)
Vsec, DIODE = 1.5% (0.22 x 36 + 5) = 19.38V
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The current rating of the secondary diode should be
selected so that the power loss in the diode be low
enough to ensure that the junction temperature is within
limits. For the present design, SBR8UGOPS5 is selected as
the secondary diode rectifier.

7. RIN, RFB, and RsgT Resistor Selection

RggT =10kQ

Np xR 0.55x (8Vp / 5T)
Reg = [P N SET]((VOUT +Vp) + = =D j
s (Ve /8T)

i (1 ol 0"]((5 +0.3)+ 0'152: 1) _ 255k,

RN = 0.6 x Rpg = 153kQ, a standard resistor 150kQ is
selected.
8. Temperature Compensation
For the selected secondary diode, from the forward
characteristics of the diode data sheet note the diode
temperature coefficient ( 8Vg/6T = 1mV/°C). To compensate
the change in output voltage caused due to the diode
temperature coefficient, select the Ry resistor to be

Rrc = (1J(0_55 . (Vout +Vp)x(8Vrc/ BT)]

(8Vp /8T)

100
S [0.55 , (5+03)x(1 .84))
100y 1

9. Soft-Start Capacitor
For the desired soft-start time (tgg = 10ms), the SS
capacitor is selected using
Cgg =5 x tgg = 50nF
47nF is selected as the soft-start capacitor.
10. Selection of Rycm Resistor
Follow the below steps to select the Ry ¢\ resistor value.
1) Calculate the internal scaling factor:

=100kQ

100p % (1-D)
Ke=r" 1
3stw><107
-6 _

K. _100x107°x(1-05) o

3x180k x10 12
From Table 3, choose the next higher value for the calculated
Kc. K¢ = 160.
Select the resistor value corresponding to the choice of
capacitor, as the Rycm. Ryem = 121kQ
11. MOSFET Selection

The voltage on the MOSFET drain is the sum of the
input voltage, the reflected secondary voltage on the
transformer primary, and the leakage inductance spike.

www.maximintegrated.com

60V, No-Opto Isolated Flyback Controller

Table 3. RycM Resistor Selection

Kc Rvcm (KQ)
640 0

320 75

160 121

80 220

40 Open

The MOSFET’s absolute maximum VDS rating should be

selected 2.5%(V +Vp)
Vbsmax =VIN MAX( ?<UT D j

VDS MAX = 36+[W} = 96.2V

For this application, the SIR698DP-T1-GE3 is selected as
the primary MOSFET.

12. Output Capacitor Selection

The output capacitor is chosen to have 3% output voltage
deviation for a 50% load step of the rated output current.
The bandwidth is usually selected in the range of fg\\/20
to fsw/40. For the present design, the bandwidth is chosen
as 8kHz.

033 1
TRESPONSE = (? + fs_w] = 46.8ys.
Cour = 'STEP * TRESPONSE
2x AVOUT
0.5x46.8m
CoUT = ———"— =78yF
OUT = 5,003x5 "

Due to the dc-bias characteristics, the 100uF, 6.3V, 1210
capacitor offers 42.7uF at 5V. Hence two 100uF, 6.3V,
1210 capacitors are selected for the present design.

13. Loop Compensation
The loop compensation values are calculated as follows

LOAD POLE Fp = __lout  _gooHz
nxVout xCout

Ry =12500xR¢g| 1€ | [ YouT *lout.
fp N 2xLprixfsw

Ry =12500x56m x| ok | [ 1 _ 43740,
800 )\ 2 x 361 x 180k

A standard 4.42kQ is selected.
_ 1
z 2nxRz xfp

Cp= 1
nXszfSW

=47nF

— 470pF
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PCB Layout guidelines

Careful PCB layout is critical to achieve clean and stable
operation. Follow the below guidelines for good PCB

layout:

60V, No-Opto Isolated Flyback Controller

1

Keep the loop area of paths carrying the pulsed
currents as small as possible. In flyback design, the
high frequency current path from the V)N bypass
capacitor through the primary-side winding, the
MOSFET switch and sense resistor is a critical loop.
Similarly, the high frequency current path for the
MOSFET gate switching from the INTVCC capacitor
through the source of the MOSFET and sense resis-
tor is critical as well.

INTVCC bypass cap should be connected right
across the INTVCC and PGND pins of the IC.

A bypass capacitor should be connected across to
VN and SGND pins, and should be placed close to
the IC.

6)

The exposed pad of the IC should be directly
connected to SGND pin of the IC. The exposed pad
should also be connected to SGND plane in other
layers by means of thermal vias under the exposed
pad so that the heat flows to the large “signal
ground” (SGND) plane.

The Rgp resistor trace length should be kept as
small as possible.

The PGND connection from the INTVCC capacitor
and the SGND plane should be star connected at the
negative terminal of the current sense resistor.

To see the actual implementation of above guidelines,
refer the MAX17690 evaluation kit layouts available at
www.maximintegrated.com.

18V 70 36V DI 2 5V.1A
= 100pF
47uF—— 280k < T X2
x2 1 Ut .
= 107k
ENUVLO VN T1-WE750343444
oVl 255k Q1-SIR698DP-T1-GE3
FB D2-SBR8UBOP5
— SET D1- DFLS2100
y 10k
c™ SGND
Ry MAX17690 ad
121k 150k -
_ NDRV —| at
TC cs
SS RT
0.056Q
COMP PGND INTVCC
100k§47nF—— 442 220F §27.4k
- 470pF
n
o PR :

i

Figure 6. 24V to 5V, 1A No-Opto Flyback Application Circuit
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Ordering Information

PART TEMP RANGE PIN-PACKAGE

MAX17690ATE+ -40°C to +125°C 16 TQFN

+Denotes a lead(pB)-free/RoHS-compliant package.

Chip Information
PROCESS: CMOS

www.maximintegrated.com
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