RICOH

650 V Variable Output Current/Voltage ZVS PFC/LED Driver Controller

No. EA-364-190108

The R1700V is a zero-voltage switching (ZVS) PFC/LED driver controller with a variable output current/voltage. It is
ideal for improving power factors of LED lightings and consumer appliances. This device features the arbitrary setting
of output voltage based on buck-boost (inverting) topology. Integration of this device and the R1580N allows the two-
stage architecture and a flicker-free operation in LED lighting applications.

e Edge Resonant Control of ZVS helps to achieve Low Switching Loss and Low EMI.
e R1700V is capable of Arbitrary Setting an Output Voltage based on Buck-boost (Inverting) Topology.
® |Integration of R1700V and R1580N realizes Flicker-free Operation in LED Lighting Applications.

. KEY SPECIFICATIONS TYPICAL APPLICATION
©

e Input Voltage Range: 8 V to 650 V
e PWM Linear Dimming Control Range: 5% to 100%
e Built-in Max. 650-V Operating Regulator
e Built-in Half Bridge Gate Driver
e Corresponding Topologies T
- Buck-boost (Inverting) PFC 4; -~
- Variable Output Current PFC, Linear Dimmable = I:Mg
- Variable Output Voltage PFC = oo =
- Boost PFC i r;
- Buck PFC <
Buck-boost (Inverting) PFC for LED Lighting
PROTECTION FEATURES
o Overcurrent Protection (OCP) ® | ED Lighting PFCs, Linear Dimmable
e Thermal Shutdown (TSD) ® Flicker-free LED Lighting using R1580N
e BST/VCC Pin Undervoltage Lockout (UVLO) ® PFCs for PAM Controlled Motor Drivers
e VCC Pin Overvoltage Lockout (OVLO) ® | ow Output Voltage PFCs
e Overvoltage Protection (FBOVP) ® DC/DC Converters
e Latch-type Protection (Selectable)

PACKAGE

OPTIONAL FUNCTIONS

Select the optional functions from below.

Product Name 'F',"tch"’.’pe FBPinUVD | FB PinOVP
rotection
s R1700V001A Yes Typ. 1.2V
R1700V001B No No (l'\;isiﬁg)
SSOP-16
5.1 x 6.4 x 1.15 (mm) R1700v001C Yes Ves Typ. 3.65 V
R1700V001D No (Rising)
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R1700V

No. EA-364-190108

SELECTION GUIDE

The latch-type protection, the FB pin UVD function and the FB pin OVP voltage are user-selectable options.

Selection Guide

Product Name Package Quantity per Reel Pb Free Halogen Free
R1700V001=*-E2-FE SSOP-16 2,000 pcs Yes Yes
*: Select the optional functions from below.
* Latch-type Protection FB Pin UVD FB Pin OVP Voltage
A Yes No Typ. 1.2 V (Rising)
B No No Typ. 1.2 V (Rising)
C Yes Yes Typ. 3.65 V (Rising)
D No Yes Typ. 3.65 V (Rising)
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R1700V

PIN DESCRIPTIONS

Top View
Lx ] O 76 | EXTL
BST[ 2| 15 ] VSNSL
VSNSH[ 3] [Ga]vce
EXTH [« 73] VSS
NC [ (72 ] ISET
NC [&_| 77 ] CMP
NC [7] [0 ]FB
VIN 3] ERDY

SSOP-16 Pin Configuration

No. EA-364-190108

SSOP-16 Pin Descriptions

Pin No. Symbol Description
1 LX Switching Pin
2 BST Bootstrap Pin
3 VSNSH High-side Current Sensing Pin
4 EXTH High-side Driver Operating Pin
5 NC No Connection
6 NC No Connection
7 NC No Connection
8 VIN Start-up Regulator Power Source Pin
9 DIM PWM Signal Input Pin
10 FB Feedback Pin
1" CMP Phase Compensation Capacitance Pin
12 ISET Current Setting Pin
13 VSS Ground Pin
14 VCC Power Source Pin for Controlling Circuit
15 VSNSL Low-side Current Sensing Pin
16 EXTL Low-side Driver Operating Pin
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R1700V

No. EA-364-190108

Equivalent Circuits for the Individual Terminals

BST [X

EXTH [X}

VSNSH

EH

x X

Equivalent Circuit for BST Pin, EXTH Pin, VSNSH Pin and LX Pin

VIN
VGC

o—]

Equivalent Circuit for VIN Pin

o—
o—|

EXTL

Equivalent Circuit for EXTL Pin

o—

ISET

Equivalent Circuit for ISET Pin

Equivalent Circuit for FB Pin

VCC
Regulator

5V

VSS __j?k

Equivalent Circuit for VCC Pin and VSS Pin

5V

o—d

VSNSL

Equivalent Circuit for VSNSL Pin

1

cmpg?@—@
L

Equivalent Circuit for CMP Pin

o

Equivalent Circuit for DIM Pin
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R1700V

ABSOLUTE MAXIMUM RATINGS

Absolute Maximum Ratings

No. EA-364-190108

Symbol Parameter Rating Unit
ViN VIN Pin Input Voltage -0.3 to 650 V
VesTt BST Pin Voltage Vix —=0.3 to 20 \%
VEXTH EXTH Pin Voltage Vix —=0.3 to 20 \%
VsnsH VSNSH Pin Voltage Vix -0.31t0 5.5 V
Vix LX Pin Voltage -0.3 to 650 \%
VExTL EXTL Pin Voltage -0.3t0 20 \%
VsnsL VSNSL Pin Voltage -0.3t05.5 \%
Voim DIM Pin Voltage -0.31t0 20 \%
Vrs FB Pin Voltage -0.3t05.5 \%
Vewe CMP Pin Voltage -0.3t05.5 \Y
Viser ISET Pin Voltage -0.3t05.5 \Y
Vce VCC Pin Voltage -0.3t0 20 V
Po Power Dissipation(" SSOP-16 | Standard Land Pattern | (Ttsp1 — 25)/146 W
Tj Junction Temperature Range -40 to Trsp1@ °C
Tstg Storage Temperature Range -55t0 150 °C

ABSOLUTE MAXIMUM RATINGS

Electronic and mechanical stress momentarily exceeded absolute maximum ratings may cause the permanent
damages and may degrade the lifetime and safety for both device and system using the device in the field. The

functional operation at or over these absolute maximum ratings is not assured.

RECOMMENDED OPERATING CONDITIONS

Recommended Operating Conditions

Symbol Parameter Rating Unit
ViN VIN Pin Operating Input Voltage 8 to 650 \Y
Vest BST Pin Operating Input Voltage 6.25t0 17.6 \Y
Vce VCC Pin Operating Input Voltage 8.0t0 19.0 \Y
Ta Operating Temperature Range -40 to 85 °C

RECOMMENDED OPERATING CONDITIONS

All of electronic equipment should be designed that the mounted semiconductor devices operate within the
recommended operating conditions. The semiconductor devices cannot operate normally over the recommended
operating conditions, even if when they are used over such conditions by momentary electronic noise or surge. And
the semiconductor devices may receive serious damage when they continue to operate over the recommended
operating conditions.

() Refer to POWER DISSIPATION for detailed information.

@

ELECTRICAL CHARACTERISTICS.

) The maximum junction temperature depends on the Thermal Shutdown Threshold Temperature listed in the
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R1700V

No. EA-364-190108

ELECTRICAL CHARACTERISTICS
Vin =30V, Vcc =15V, Vest = 15 V unless otherwise noted.

The specifications surrounded by | | are guaranteed by design engineering at —40°C < Ta < 85°C.

R1700V Electrical Characteristics

(Ta=25°C)
Symbol Parameter Test Conditlons/ Min. Typ. Max. Unit
Comments
It Supply Current 1 1.3 1.6 mA
liN2 Supply Current 2 Vec=6V,Vest=5V 0.43 0.55 mA
High-Side Driver Section
Vczero | Zero Current Threshold Voltage -7 7 mV
IsnsH VSNSH Pin Pull-up Current -53.5 -48 -41.8 MA
Overcurrent Protection
VoceH Threshold Voltage 0.37 0.43 v
Ronwn | High-side Driver High Resistance | Vest = 15V 6.7 Q
Ronve | High-side Driver Low Resistance |Vest =15V 2.3 Q
VuvLo2 BsT BST Pin UVLO Threshold Vest Falling . 6.05 6.15 . 6.25 \Y
Vol . UVLO2_BST UVLO2_BST
Vuvior_sst | Voltage Vast Rising +0.12 +0.23 \Y
Low-Side Driver Section
tumaxon | Max. Low-side On Time 45 55 psec
tivaxorr | Max. Low-side Off Time 45 55 usec
tLminoN Min. Low-side On Time 0.38 0.62 usec
Reverse Current Threshold
VRev Voltage 90 98 105 mV
Forward Current Threshold
VEoR Voltage 80 60 40 mV
RontH Low-side Driver High Resistance 5.8 Q
Ronwe Low-side Driver Low Resistance 1.9 Q
Protection Circuits Section
VuviLoz VCC Pin Vce Falling V6.7 7 V7.3 \%
UVLO Threshold Volt isi UVLO2 uvLo2
Vool resnoid Votage Vee Rising +0.15 +0.23 v
VovLo2 VCC Pin Vce Rising V1 9.1 19.7 V20.3 \Y
OVLO Threshold Voltage ' ovLo2 ovLo2
Vovio1 9 Vcce Falling ~0.64 ~057 \
Trso1 | Thermal Shutdown Threshold Tj Rising 140 C
Trsp2 Temperature Tj Falling 120 °C
Vovr2_FB FB Pin OVP Threshold Voltage A Rising 1.15 1.25 V
Voveire | (R1700V001A/ R1700V001B) Ves Falling Viser \Y
Vove2 F8_| FB Pin OVP Threshold Voltage | Vrs Rising 3.55 3.80 \
Vover_rs | (R1700V001C/ R1700V001D) Vrs Falling Viser \Y
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R1700V

ELECTRICAL CHARACTERISTICS (continued)
ViNn=30V, Vcc =15V, Vest = 15 V unless otherwise noted.

The specifications surrounded by I:I are guaranteed by design engineering at -40°C < Ta < 85°C.

No. EA-364-190108

RICOH

R1700V Electrical Characteristics (Ta = 25°C)
Symbol Parameter Test Conditions/ Min. | Typ. | Max. | Unit
Comments
Protection Circuit Section (continued)
V Vewp Risin 3.60 3.75 \Y
_ YOVPICWP | oMP Pin OVP Threshold Voltage |——r ~°19
Vovpz_cmp Vewme Falling 1.9 2.1 Vv
toeTo Release Protection Delay Time 14 24 | msec
c Latch Protection 32 cvele
LAT (R1700V001A/ R1700V001C) y
Current Control Circuit Section
VoFFseT Error Amplifier Offset -5 5 mV
o Vre=0.75V, Viser=08V | _ _
|[ERSOURCE Error Amplifier Source Current Vewp = 1.5 V 4.1 29 A
- . Ve =0.85V, Viser=0.8V
[ersINK Error Amplifier Sink Current Vewp = 1.5 V 29 4.1 A
Gm Error Amplifier Trans-conductance | Vewp = 1.5V 60 78 uS
textnsLore | High-side On Time Inclination Ve =1.3V,20V 4.5 7.2 |useclV
IFBPU FB Pin Pull-up Current Vee=0V F2.4 | -1.7 | F1.0 | upA
Internal Regulator Section
Internal Regulator VCC Pin _
IrReG Charging Current Vec=6.8V 9 14 mA
Internal Regulator VCC Pin
Vonsen Charge-Starting Voltage 74 8.0 v
Internal Regulator VCC Pin
VoussLp Charge-Stopping Voltage 8.3 8.9 v
Variable Control Circuit Section
Vo EYg\;/rI:A Signal Threshold Voltage, 113 125 Vv
Vo EWM Signal Threshold Voltage, 1.09 118 Vv
ow
foimmin PWM Signal Input Frequency 0.5 100 | kHz
toivmIN PWM Signal Input Error +10 nsec
RiseTin ISET Pin Impedance 263 | 300 | 342 kQ
= 0,
| | P oy, = 100% 0.792 0.807
ViseTiN ISET Pin Controlling Voltage PWM Duty = 100% — 0.800 — V
-40°C < Ta<85°C - -
Others
Vuvoz Fe | FB Pin UVD Threshold Voltage | Vrs Rising 695 745 | mV
Vuvoire | (R1700V001C/ R1700V001D) Ves Falling 65 95 | mV
Error Amplifier Source Current Vre=0V, Viser=0.8 V _ _
|IERSOURCE_UVD during UVD Ve =1.5 V 90 44 A
7



R1700V

No. EA-364-190108

THEORY OF OPERATION

VIN INPUT

VCC Charge
NO|

\

.
e

e
YES

EXTL Enable

(DIM < 1.1 \) > 20 msec

NO

VCC Charge Sequence

——

VCC Charge

<

YES

VCC Charge STOP

BST Charge

NO|

VCC<77V

EXTH Enable

Cout Charge

-t
Bl

Output Voltage rise

NO

VCC <70 (DIM < 1.1|V) > 20 msec

AUX Trans Output > 8.6 V

FB > 1.2V (Ver. A/B)
FB >3.65V (Ver. C/D)
(FBOVP)

VCC>19.7V ol Temp > 140°C
(VCC OVP) (TsD)

efipP > 365V
(CMPOVP)

FB > 720 mV
FBUVD)

Stop Switching
i=i+1

(VCC <191V pnp Temp < 120C AND

(VCC OVP) (TSD)

FB > VISET

Speed Up Mode

FB<80mV
(F;UVS‘) AND DIM#PWM

CMP <2V

(CMPOVP)) > 20 msec

Operation Sequence Diagram
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R1700V
No. EA-364-190108

e Low-side Switching Operation

The R1700V controls the low-side switch by monitoring the voltage generated in a resistor (Rsnst).

R1700V vee
| N
EXTL
s  a E LFET
R QB =
Vror
1 VSNSL
< Vgrev Rsnst
VSs =
\Y4

Low-side Switch Turn-on Operation

The forward current of inductor flows RsnsL through the body diode of the low-side switch due to the high-side
switch turned off. This leads the VSNSL voltage drops to the forward current threshold voltage (Vror) or lower,
and the low-side switch is turned on.

The R1700V uses a bootstrap method which enables to use Nch MOSFET as a high-side switch. The ceramic
capacitor (Cest) between LX and BST needs to be charged during the low-period of LX.

The charging current of Cest pulls up the LX. If the low-side’s power source Vcc is the charging source, the
VSNSL voltage does not go below Veor when the peak current of inductor is not enough at a light load. This
may cause a low-side switch cannot be turned on.

As this countermeasure, set the charging source of Cest as EXTL, and make a structure of charging Cesr after
the low-side switch is turned on.

Low-side Switch Turn-off Operation

The R1700V makes the inductor current flow reverse to perform a zero-voltage-switching (ZVS) which can
significantly reduce switching loss and switching noise. The reverse current of inductor should be set to enable
ZV'S when the maximum input voltage is applied. The reverse current of inductor (Irev) can be calculated as
follows.

Irev = Vrev/RsnsL

Vrev = 98 [mV] Typ.

Figure 1 shows the resonant operation waveform and Figure 2 shows the off-resonant operation waveform.
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R1700V

No. EA-364-190108

Tek Stop | Tek Stop [ 1} 1
LX E

\\U‘_\-// 4 l

EXTH | EXTH z \J L
Chil 10.0V WcCh2 10.0V wm[200ns A Ch2 \ 7.20V Chi| 10.0V &Ch2 10.0V M 200ns A Ch2 \ 7.20V
ch3| 100V &EIE 200mA QN Ch3[ 100V A&MEE 200mA QN

1142.00 % 141,60 %
Figure 1. The Resonant Operation Waveform Figure 2. The Off-resonant Operation Waveform

Figure 1 shows that the high-side switch is turned on with ZVS after Vds (Vin- LX) =0 V.

Figure 2 shows that the reverse current of inductor is not enough, so the high-side switch is turned on when
Vds of high-side switch is Vup. In this case, high-side switch produces a switching loss: fosc x 1 / 2 x Cds x
Vhup™2. Cds is the sum of drain-source capacities of high-side switch and low-side switch. For example, if fosc
= 500 kHz, Cds = 100 pF, and Vup = 200 V, the switching loss will be 1.0 W. The switching noise increases
when ZVS cannot be performed, and it may cause a malfunction.

10
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R1700V
No. EA-364-190108

e High-side Switching Operation

The R1700V controls the high-side switch by monitoring the voltage generated in a resistor (RsnsH).

R1700V BST

EXTH

s q {: E HFET

— R QB Inductor
Current

VSNSH Rorrser

. $ AN
VW
| Reverse
J EXTHE | Time
—>

LX

=~ P ——

RsnsH i !

Double the On-time of !
Reverse Time  Error Amplifier

MH

Reverse Current Cancel

High-side Switch Turn-on Operation

The reverse current of inductor flows input side through the body diode of the high-side switch due to the low-
side switch turned off. At this timing, when the VSNSH voltage exceeds zero (Vczero), that is when the inductor
current becomes zero, the high-side switch is turned on.

The pull-up current (Isnsk) flows constantly from the VSNSH pin. The turn-on timing of the high-side switch can
be changed by setting the offset resistor (Rorrset) between the high-side switch source and the VSNSH pin.
Harmonics can be changed by adding this offset resistor to make the cancel time of reverse current adjustable.

High-side Switch On-Time

The R1700V uses a critical current mode for improving power factor. However, the device makes the inductor
current flow reverse to achieve a zero-voltage-switching (ZVS). The reverse flowing inductor current causes a
period which generally cannot supply power to the output, therefore the power factor deteriorates. As this
countermeasure, the double the time of flowing reverse current is added to the fixed on-time determined by an
error amplifier. It cancels the reverse current and improves power factors. The previously mentioned Rorrser
allows the reverse current flowing time adjustable. This enables a countermeasure for the frequency drop at a
low input and the change of harmonic.

e DIM Pin Input

The R1700V outputs the ISET pin voltage according to the high duty of PWM signal to the DIM Pin. To minimize
the influence by the PWM signal input error (toimmin), use a low PWM frequency of 500 Hz or more. When using
the device for dimmable LED lighting, it is recommended to use a PWM frequency from 1 kHz to 10 kHz. The
ISET pin voltage is the smoothed PWM Duty with a capacitor (Ciset). The R1700V varies the output
current/voltage by according the FB pin voltage and the ISET pin voltage. Connect a large enough Ciset to the
ISET pin to avoid a ripple voltage problem. The low PWM signal should be lower than the low PWM signal
threshold voltage (Vomo), and the high PWM signal should be higher than the PWM signal threshold voltage
(Vo). The R1700V can be shut down by applying a low signal to the DIM pin for 25 msec or more typically.
If the control by PWM signal to DIM pin or a shutdown function is not needed, connect the DIM pin to the VCC

pin.

11
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R1700V
No. EA-364-190108

e Output Setting

Current Variable Type Voltage Variable Type
Vout Vout
A
R1
A~ 4 Cout |
FB lrBPU Cout - lFBPU Load
Riep =
v %4

Current Variable Type (LED Driver)

The R1700V adjusts the source voltage of resistor (RLep) connected between LED and VSS to the ISET pin
output voltage (Viser) level. Viser can be calculated as follows.

Viser = Viserin X PWM Duty

Viserin = 0.8 [V] Typ.

LED current can be calculated by using Riep.
Where Vorrset is the offset votage of error amplifier and Irspu is the pull-up current of FB pin.

ILep = (ViseT + Vorrser) / Riep + IrsPu
Vorrser = £5 [mV]
lrePU = -1.7 [UA] Typ.

The offset voltage (Vorrser) can be affected if Viser is low, so it should be taken into account if low-dimming-
control is necessary.

Voltage Variable Type
As for the constant voltage output, the R1700V sets the output voltage by the ratio of the resistor (R1/R2)
connected between Vout and VSS. The output voltage (Vour) is calculated as follows.

Vout = (ViseT + Vorrser) X (R1 + R2) / R2 + R1 X Irspu

The pull-up current of FB pin (Irspu) can be affected by high resistance of R1, so it should be taken into account
when setting R1/R2.

As similar to the current variable type, the Viser can be changed by the PWM signal to the DIM pin. The Vcc
varies according to the output voltage when supplying Vcc with the auxiliary winding, therefore set the output
voltage within the operating range of Vcc or supply the Vcc with the external power source.

12
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R1700V
No. EA-364-190108

e Oscillation Frequency

The oscillation frequency (fosc) can be determined by input voltage (Vin), output voltage (Vout), LED current
(ILeo), inductance (L), and inductor reverse current (Irev).

Buck Converter
fosc = Vin x (Vin—Vour) / (Vin X L X (ILep + Irev) X 2)

Boost Converter
fosc = (1 - Vin/Vour) / (((Irev + Vout X ILeo / Vin / (1 = Vin/ Vour)) x 2) X L/ Vi)

Buck-boost (Inverting) Converter
fosc = Vour x Vin/ (2 x L X (Vout + VIN) X (ILep X (VouT + VIN) / VIN + |Rev))

e Power Source

At start-up, the high-voltage internal regulator connected to the VIN pin starts charging the VCC pin. When
the VCC pin voltage becomes higher than the UVLO threshold voltage (VuvLo1) and the BST pin voltage
becomes higher than the BST pin UVLO threshold voltage (VuviLo1_sst), the R1700V starts operation. If the
VCC pin voltage becomes higher than the internal regulator VCC pin charge-stopping voltage (VcHesLp),
VcresLp = 8.6 V (Typ.), the high-voltage internal regulator stops the operation, and the auxiliary power source
(auxiliary winding, inductor divided voltage, external power source) starts up. If power is supplied to the VCC
pin through the auxiliary power source, the high-voltage internal regulator maintains the off state to save the
consumption current of R1700V. If the external power source is not activated yet, the VCC pin voltage drops.
If it drops below the internal regulator VCC pin charge-starting voltage (Vcreen), the high-voltage internal
regulator restarts the operation and charges the VCC pin.

e Low Voltage Detection on FB Pin: R1700V001C/ R1700V001D

The R1700V increases the operation speed of error amplifier when the FB pin voltage goes below the FB pin
UVD threshold voltage (Vuvbi_rs), so it can quickly respond to the sudden drop in input voltage or the sudden
increase in the load. The R1700V increases the operation speed until the FB pin voltage exceeds the FB pin
UVD threshold voltage (Vuvbz_rs). This low voltage detection is disabled at start up because it is enabled only
when the FB pin voltage exceeds Vuvp1_rs. If a PWM signal is inputted to the DIM pin, this detection is disabled.

e Overcurrent Protection Setting

The R1700V monitors the inductor current when the high-side switch is turned on by the voltage generated at
a resistor (RsnsH) connected between the high-side switch and the LX pin. The overcurrent protection current
(locp) can be calculated as follows.

locp = VocpH / Rsnsh

Vocer = 0.4 [V] Typ.

loce should be set at the rated crrent of inductor or lower.

e Overvoltage Protection on VCC Pin

The R1700V stops the switching operation if the VCC pin goes beyond the OVLO threshold voltage (VovLoz)
and restarts the switching operation after the release protection delay time (toetp) if the VCC pin drops below
the OVLO threshold voltage (Vovio1). The overvoltage protection is effective during LED open mode when
there is an auxiliary power source which is dependent on Vour such as auxiliary windings and inductor dividing
voltage.

13
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R1700V
No. EA-364-190108

e Thermal Shutdown

The R1700V stops the switching operation if the junction temperature goes beyond the thermal shutdown
threshold temperature (Ttsp1) and restarts the switching operation after toeto if the junction temperature drops
below the thermal shutdown threshold temperature (Ttspz).

e Overvoltage Detection on FB Pin

The R1700V stops the switching operation if the FB pin voltage exceeds the FB pin OVP threshold voltage
(Vovr2_rB). Once the FB pin voltage goes below the FB pin OVP threshold voltage (Vove1_rs), it restarts the
switching operation.

e Overvoltage Detection on CMP Pin

The R1700V stops the switching operation if the CMP pin voltage exceeds the CMP pin OVP threshold voltage
(Vovp1_cmp). Once the CMP pin goes below the CMP pin OVP threshold voltage (Vovr2 cwmp), it restarts the
switching operation after toeto.

e Latch-type Protection: R1700V001A/R1700V001C

The R1700V stops the operation if an abnormal state is counted for thirty two times; Ciar = 32 [cycle]. The
activation of the following detection can be counted as an abnormal state: the VCC pin overvoltage detection,
the thermal shutdown, or the CMP pin overvoltage detection. The FB pin overvoltage detection is not included.
The R1700V returns to the normal operation if the FB pin voltage becomes the ISET pin output voltage (Viser)
level, and resets the counter; Ciar = 0 [cycle]. To release the latch-type protection, make the VCC pin voltage
below the VCC pin UVLO threshold voltage (VuvLoz2) or make the device shutdown using the DIM pin. Refer to
the Operation Sequence Diagram for detailed information.

14
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R1700V
No. EA-364-190108

APPLICATION INFORMATION

CINI_L CINZ_L

LIN
RGH  HFET CH
VWV '_|
A
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ROFFSET RSNSH
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R1580N
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R1700V + R1580N Typical Application Circuit, Buck-boost (Inverting) Converter
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Integration of R1700V and R1580N

The integration of R1700V and R1580N allows a smaller flicker-free operation in LED lighting applications than
a conventional two-stage architecture.

The above system controls LED current by using R1580N consisting of constant current circuit in the cathode
side of LED. In the constant current circuit, it generates loss due to the LED current and the potential difference
between cathode voltage of LED and VSS.

Set the cathode voltage of LED as low as possible in a range of the bottom cathode voltage of LED is not
below the minimum operation voltage of the constant current circuit.

e Corresponding Topologies
The R1700V can be used as a buck converter, a boost converter or a buck-boost (inverting) converter.

Buck Converter
In the buck converter, the inductor current constantly flows into the load, so that the converter can operate with
high efficiency. The output voltage needs to be lower than the input voltage.

Boost Converter

In the boost converter, the inductor current flows into the load only during the off-cycle, which means low-side
switch is conducted, so that the current ripple of inductor increases. This is one of the reasons why the boost
converter is not as efficient as the buck converter. It is necessary that the output voltage should be set higher
than the input voltage. The inrush current flows through the body diode of low-side switch at power-on. To
prevent this, it may require a bypass circuit between the input and output of the converter.

Buck-boost (Inverting) Converter

In the buck-boost (inverting) converter, the inductor current flows into the load only during the off-cycle, which
means low-side switch is conducted, that is same as the boost converter, so that the current ripple of inductor
increases. This is one of the reasons why the buck-boost (inverting) converter is not as efficient as the buck
converter. This converter can be used effectively for input voltages and for power factor improvement because
it can independently supply energy to the output (load) no matter what the input voltage is. Also, unlike the
boost converter, it does not require any bypass circuit since there is no inrush current. The LX pin switches at
Vout + Vin voltage, so take the device breakdown voltage into account.

15
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R1700V
No. EA-364-190108

Buck-boost (Inverting)

Buck Converter Boost Converter Converter

Vin

T® T Vout i

J I Vout

t—
_|

e Power Factor Correction

The R1700V can be used to improve the power factor by a structure including a buck converter, a boost
converter, and a buck-boost (inverting) converter. Connect a 1.0-yF or more ceramic capacitor (Ccwmp) to the
CMP pin for a 50-Hz or more line frequency. For use in an LED lighting, a harmonic standard IEC 61000-3-2
Class C is applied. The buck converter structure may not conform to the standard due to the input and output
voltage relationship. For use in a boost converter and a buck-boost (inverting) converter is recommended.

e Notes on Selecting Components

The R1700V has two power source pins: the VCC pin for low-side operation and the BST pin for high-side
operation. Connect a 1.0-yF or more ceramic capacitor (Cvcc) between the VCC and VSS pins, a 1.0-yF or
more ceramic capacitor (Csst) between the BST and LX pins, and a bootstrap diode between the BST and
EXTL pins.
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R1700V

TYPICAL CHARACTERISTICS

No. EA-364-190108

Note: Typical Characteristics are intended to be used as reference data; they are not guaranteed.

VSNSH Pin Pull-up Current
Vin=30V,Vcc=15V, Vest= 15V
-40

-44

-48

(nA]

-52

benii

-56

-60

50 -25 0 25 50 75 100 125
Ta [°C]

Reverse Current Threshold Voltage
Vin=30V,Vcc=15V, Vest=15V
120

110

-50 25 0 25 50 75 100 125
Ta [°C]

Release Protection Delay Time
Vin=30V,Vcc=15V, Vest= 15V
25

50 -25 0 25 50 75 100 125
Ta [*C]

Overcurrent Protection Threshold Voltage
Vin=30V,Vcc=15V, Vest= 15V
0.45

0.43

So41 //
£0.39
0.37

0.35

-0 -25 0 25 50 75 100 125
Ta [°C]

Forward Current Threshold Voltage
Vin=30V,Vcc=15V, Vest= 15V
-30

-40
-50

-60

Veor [MV]

-70
-80

-90
-50 -25 0 25 50 75 100 125
Ta [°C]

Error Amplifier Offset
Vin=30V,Vcc=15V, Vest= 15V
5

3
1

=1 //

-3

[mV]

Vi

-5

-50 -25 0 25 50 75 100 125
Ta [°C]
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R1700V

No. EA-364-190108

Internal Regulator VCC Pin Charging Current
Vin=30V,Vcc=6.8V,Vest=15V
0

-2

-4

laee [MA]

10 \—///
-12

-50 -25 0 25 50 75
Ta [°C]

100 125

Internal Regulator VCC Pin Charge-Starting
Voltage
Vin =30V, Vcc = Sweep down, Vest = 15V

8.0

7.8

7.6

7.4

Veneen [V]

Tl

7.0

50 -25 0 25 50 75
Ta [°C]

100 125

PWM Signal Threshold Voltage, Low
Vin=30V,Vcc=15V, Vest=15V
1.15

-50 -25 0 25 50 75 100 125
Ta [°C]

Internal Regulator VCC Pin Charge-Stopping
Voltage
Vin =30V, Vcc = Sweep up, Vest= 15V

9.0

-50 -25 O 25 50 75
Ta [°C]

100 125

PWM Signal Threshold Voltage, High
Vin=30V,Vcc=15V, Vest=15V
1.25

1.23

-50 -25 O 25 50 75 100 125
Ta [°C]
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R1700V

ISET Pin Impedance
Vin=30V,Vcc=15V, Vest=15V

500
400
300

200

Riseriy [KQ]

100

-50 -25 0 25 50 75 100 125
Ta [°C]

No. EA-364-190108

ISET Pin Controlling Voltage
Vin =30V, Vcc = 15V, Vest = 15 V, PWM Duty =
100%

805

803

< 801
£

=799
2

797

795
-50 25 0 25 50 75 100 125
Ta [°C]
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PACKAGE DIMENSIONS SSOP-16

Ver. A
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POWER DISSIPATION SSOP-16

Ver. A

The power dissipation of the package is dependent on PCB material, layout, and environmental conditions.
The following conditions are used in this measurement.

Measurement Conditions

Item Standard Land Pattern
Environment Mounting on Board (Wind Velocity = 0 m/s)
Board Material Glass Cloth Epoxy Plastic (Double-Sided Board)
Board Dimensions 40 mm x 40 mm x 1.6 mm

Top Side: Approx. 50%
Bottom Side: Approx. 50%

Copper Ratio

Through-holes ¢ 0.5 mm x 44 pcs
Measurement Result (Ta = 25°C, Tjmax = T1sp1°C)
Item Standard Land Pattern
Power Dissipation (Trsp1-25)/ 146 W
Thermal Resistance (6ja) 6ja = 146°C/W
Thermal Characterization Parameter (yijt) Yjt = 22°C/W

6ja: Junction-to-Ambient Thermal Resistance
yijt: Junction-to-Top Thermal Characterization Parameter
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Power Dissipation vs. Ambient Temperature Measurement Board Pattern
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10.

11.

. The products and the product specifications described in this document are subject to change or discontinuation of

production without notice for reasons such as improvement. Therefore, before deciding to use the products, please
refer to Ricoh sales representatives for the latest information thereon.

. The materials in this document may not be copied or otherwise reproduced in whole or in part without prior written

consent of Ricoh.

. Please be sure to take any necessary formalities under relevant laws or regulations before exporting or otherwise

taking out of your country the products or the technical information described herein.

. The technical information described in this document shows typical characteristics of and example application circuits

for the products. The release of such information is not to be construed as a warranty of or a grant of license under
Ricoh's or any third party's intellectual property rights or any other rights.

. The products listed in this document are intended and designed for use as general electronic components in standard

applications (office equipment, telecommunication equipment, measuring instruments, consumer electronic products,
amusement equipment etc.). Those customers intending to use a product in an application requiring extreme quality
and reliability, for example, in a highly specific application where the failure or misoperation of the product could result
in human injury or death (aircraft, spacevehicle, nuclear reactor control system, traffic control system, automotive and
transportation equipment, combustion equipment, safety devices, life support system etc.) should first contact us.

. We are making our continuous effort to improve the quality and reliability of our products, but semiconductor products

are likely to fail with certain probability. In order to prevent any injury to persons or damages to property resulting from
such failure, customers should be careful enough to incorporate safety measures in their design, such as redundancy
feature, fire containment feature and fail-safe feature. We do not assume any liability or responsibility for any loss or
damage arising from misuse or inappropriate use of the products.

. Anti-radiation design is not implemented in the products described in this document.
. The X-ray exposure can influence functions and characteristics of the products. Confirm the product functions and

characteristics in the evaluation stage.

. WLCSP products should be used in light shielded environments. The light exposure can influence functions and

characteristics of the products under operation or storage.

There can be variation in the marking when different AOI (Automated Optical Inspection) equipment is used. In the
case of recognizing the marking characteristic with AOI, please contact Ricoh sales or our distributor before attempting
to use AOL.

Please contact Ricoh sales representatives should you have any questions or comments concerning the products or
the technical information.

&

Compliant

R OHS Ricoh is committed to reducing the environmental loading materials in electrical devices

with a view to contributing to the protection of human health and the environment.
Ricoh has been providing RoHS compliant products since April 1, 2006 and Halogen-free products since

Halogen Free  april 1, 2012.
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