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Applications Note: SY50103
Flyback Regulator
With Primary Side CV/CC Control For Adapters and Chargers
Preliminary Specification

General Description Features

SY50103 is a PWM controller with several featur@s t « Integrated 600V MOSFET

enhance performance of Flyback convertels. « Primary side CV/CC control eliminates the opto-
integrates a 600V MOSFET to decrease physical coupler

volume. Both current and voltage regulation are. valley turn-on of the primary MOSFET to achieve
achieved by primary side control technology for low low switching losses

cost application. To achieve higher efficiency and . | ow start up current: 18 typical

better EMI performance, SY50103 drives Flyback . paximum switching frequency limitation 120kHz
converters in the Quasi-Resonant mode. . Compact package: SO8

Ordering Information Applications

SY501031(0O D)%
Temperature Code * AC/DC adapters
Package Code » Battery Chargers
Optional Spec Code i

_ Recommended operating output power
Ordering Number Package type  Notge Products 90~264Vac 176-264Vac
SY50103FAC SO8 SY50103 oW 13W

Typical Applications

A " Vourt
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o ] RS
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D2 R3
N ‘v‘v‘v _]_
d
C3 SY50103
T|
1 NC DRAIN
<: -
R4= I NC
— VIN ISEN
ZCS COMP R7
RSEE R6 ik
c4 I _|

Figure 1. Schematic Diagram
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Top Mark: AMQ xyz for SY50103FAC(evice code: AMQx=year code, y=week code, z= lot number code)

Pin | Name Description
1 GND Ground pin.
2 ISEN Current sense pin. Connect this pin to theee of the primary switch.
3 NC
4 DRAIN | Drain of the internal power MOSFET.
5 NC
6 VIN Power supply pin.
Loop compensation pin. Connect a RC network adtospin and ground to stabilize the control
7 COMP . .
loop and to achieve fast transient response.
Inductor current zero-crossing detection pin. Tirsreceives the auxiliary winding voltage by a
8 ZCS . o ! . .
resistor divider and detects the inductor currend zrossing point.

Absolute Maximum Ratingsote 1)

VIN -0.3V~19Vv
Supply Currenty 30mA
ISEN, COMP ----- -0.3vV~3.6V
ZCS -0.3V~Vyy+0.3V
DRAIN 600V
Power Dissipation, @ Al= 25°C SO8 1.1wW
Package Thermal Resistance (Note 2)

S08,0 JA 125°C/W

S08,0JC 60°C/W
Junction Temperature Range -45°C to 150°C
Lead Temperature (Soldering, 10 sec.) 260°C
Storage Temperature Range -65°C to 150°C

Recommended Operating Conditionguote 3)
VIN 8V~15.4V
Junction Temperature Range -40°C to 125°C

AN_SY50103 Rev.0.1 Silergy Corp. Confitial- Prepared for Customer Use Only 2
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Electrical Characteristics
(Vin =12V (Note 3), | = 25°C unless otherwise specified)

Parameter | Symbol| TestConditions | Min  Typ | Mdx Unit
Power Supply Section

Input voltage range Wi 8 154 | V
VIN turn-on threshold VinoN 176 | V
VIN turn-off threshold \IN.OFF 6.0 7.9 V
VIN OVP voltage \in.ove Vuin.ontl \
Start up Current S Vyin<Vvin,orr 15 HA
Operating Current vin C.=100pF,f=15kHz 1 mA
Shunt current in OVP mode Vllll,OVP VVIN>VVIN,OVP 1.6 2 2.5 mA
Error Amplifier Section

Internal reference voltage fq rVREF 0.42 Vv
output current

glg:/lpp mode ON threshold g r‘VCOMP’ON 01 Vv
glgiﬂpp mode OFF threshold ()r{/COMROFF 0.15 Vv
Current Sense Section

Current limit reference voltage| i &nmax | | | 1.0 | | V
ZCS pin Section

ZCS pin OVP voltage threshold Vzcs ove 1.29 \Y
ZCS pin voltage reference 25 REF 1.25 \Y
Integrated MOSFET Section

Breakdown Voltage | W | Vo0V, Ips=250puA | 600 | | | V
Gate Driver Section

Gate driver voltage Vhate Vuin \Y
Maximum source current sdurcE 0.25 A
Minimum sink current dink 0.5 A
Max ON Time TON,MAX Vcomr—=1.5V 24 us
Min ON Time TonMIN 400 ns
Max OFF Time BEE.MAX 39 Us
Min OFF Time TOFF,MIN 1 us
Maximum switching frequency| whx 120 kHz
Thermal Section

Thermal Shutdown TemperatufeTp | | | 150 | | C

Note 1: The recommended power is measured by 25°C temperdte on case, in an open frame design with
adequate heat sinking.

Note 2 Stresses beyond the “Absolute Maximum Ratingsy meuse permanent damage to the device. These are
stress ratings only. Functional operation of theickeat these or any other conditions beyond tldieated in the
operational sections of the specification is noplied. Exposure to absolute maximum rating condgidor
extended periods may affect device reliability.

Note 3 0,4 is measured in the natural convection at=T25°C on a low effective single layer thermal doctivity
test board of JEDEC 51-3 thermal measurement stdndlast condition: Device mounted on 2” x 2" FRubstrate
PCB, 20z copper, with minimum recommended pad prager and thermal vias to bottom layer grounchgla

Note 4 Increase VIN pin voltage gradually higher thany\én voltage then turn down to 12V.

AN_SY50103 Rev.0.1 Silergy Corp. Confitial- Prepared for Customer Use Only 4
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Operation

SY50103 is a high performance Flyback controllethwi
primary side control and constant current and @onst
voltage regulation.

It integrates a 600V MOSFET to decrease physical
volume.

The Device provides primary side control to elimenthe
opto-isolators or the secondary feedback circuitsich
would cut down the cost of the system.

In order to reduce the switching losses and impievi
performance, Quasi-Resonant switching mode is egpli
which means to turn on the integrated MOSFET
voltage valley; the start up current of the devieather
small (15uA typically) to reduce the standby power loss
further.

at

The device provides reliable protections such agrOv
Voltage Protection (OVP), Short Circuit Protect{@CP),
Over Temperature Protection (OTP), etc.

SY50103 can be applied in AC/DC adapters, Battery

Chargers and other consumer electronics.

SY50103 is available with SOIC8 package.

Applications Information

Start up

After AC supply or DC BUS is powered on, the cafpmaci
Cuin across VIN and GND pin is charged up by BUS
voltage through a start up resistaitRONnce \{y rises up

to Vuin-on, the internal blocks start to work.y M will be
pulled down by internal consumption of IC until the
auxiliary winding of Flyback transformer could siypp
enough energy to maintain,{ above \{in.orr.

The whole start up procedure is divided into twotisas
shown in Fig.2. ¢ is the G,y charged up section, and
tsto is the output voltage built-up section. The stat
time tsr composes of stc and &ro, and usually 4o is
much smaller thanstc.

Vuin
Veus

o ]

Vuinonf

Vvinorr

SY50103

|

|

I

Vour |

|

VIN |

Cun —~ _ |
I I
t

le— tsrc —»}o] tsr0
Fig.2 Start up

The start up resistordg and G,y are designed by rules
below:

(a) Preset start-up resistogRmake sure that the current
through Rris larger thandr and smaller than/h_ove

\

BUS R BUS

| < ST < | (1)
VIN_OVP ST

Where \4ys is the BUS line voltage.

(b) Select G\ to obtain an ideal start up timgrtand
ensure the output voltage is built up at one time.
V,

(ﬁ'ly) xtST

CVIN = ST (2)

VVIN_ON

(c) If the G, is not big enough to build up the output
voltage at one time. Increase¢and decreasedR go
back to step (a) and redo such design flow unélitkeal
start up procedure is obtained.

Shut down

After AC supply or DC BUS is powered off, the energ
stored in the BUS capacitor will be discharged. Wtiee
auxiliary winding of Flyback transformer can notpply
enough energy to VIN pin, W will drop down. Once
Vyn is below Vn.orr, the IC will stop working and
Vcomp Will be discharged to zero.

Quasi-Resonant Operation

QR mode operation provides low turn-on switching
losses for Flyback converter.

AN_SY50103 Rev. 0.1
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Fig.3 QR mode operation

integrated MOSFET is reflected by the auxiliary giirtg
of the Flyback transformer. ZCS pin detects thaags
across the auxiliary winding by a resistor dividéfhen

the voltage across drain and source of the primary
integrated MOSFET is at voltage valley, the MOSFET

would be turned on.

Output Voltage Control

In order to achieve primary side constant voltagetol,
the output voltage is detected by the auxiliary dimg

voltage.
VIN

SY50103
ZCS

Razcso

As shown in Fig.5, during OFF time, the voltageoasr
the auxiliary winding is

Fig.4 ZCS pin connection

N
VAU)( :(VOUT +VD,F) x A (3)

NS
Naux is the turns of auxiliary winding; Ns the turns of
secondary winding; ¥ is the forward voltage of the
power diode.

At the current zero-crossing pointpYis nearly zero, so
Vourt is proportional with {yx exactly. The voltage of
this point is sampled by the IC as the feedbackusput

voltage. The resistor divider is designed by
RZCSD X NAUX (4)
N S

VZCS,REF —

VOUT

R ZCsuU R ZCsD

Isec | /\
The voltage across drain and source of the primary tou i

Where \,cs reriS the internal voltage reference.

Ve

lpri

Vaux

Fig.5 Auxiliary winding voltage waveforms

Output Current Control

The output current is regulated by SY50103 witimgiriy
side detection technology, the maximum output aurre
lout,um Can be set by

Ky X Ve X

N
IOUT,LIM = R = (5)
S

Where K is the output current weight coefficient;z)¢ is
the internal reference voltage;s B the current sense
resistor.

k; and \ker are all internal constant parametegs;rLiv
can be programmed by-Nand R.

- Ky X Vgee X

Re Nes ()

IOUT

When over current operation or short circuit operat
happens, the output current will be limited gl m.
The V-I curve is shown as Fig.6.

AN_SY50103Rev.0.1

Silergy Corp. ConfidehtPrepared for Customer Use Only 6
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Vour

Temperature
Products Input range Output .
rise
90Vac~264Vac| 9.0W 5V/1.8A 40C
SY50103 | 90Vac~264Vac| 9.5W 5V/1.9A 50C
90Vac~264Vac| 10W 5V/2.0A 60C

I
I
I
I
I
I
I
I I
I I
1 1

Rated lour  lout,Lim

Fig.6 V-I curve

lout

The IC provides line regulation modification furosti to
improve line regulation performance of the outputent.

Due to the sample delay of ISEN pin and other ider
delay, the output current increases with increagnpgit
BUS line voltage. A small compensation voltagésen.c

is added to ISEN pin during ON time to improve such
performance. ThisAV sgnc is adjusted by the upper
resistor of the divider connected to ZCS pin.

N

AUX o

1

AVISEN,C:V BUSX Xk 2(7)

P ZCsu

Where Rcsy is the upper resistor of the divideg; ik an
internal constant as the modification coefficient.

The compensation is mainly related withcR, larger
compensation is achieved with smalleic&®. Normally,
Rzcs ranges from 10QR~1MQ.

Short Circuit Protection (SCP)

When the output is shorted to ground, the outplthge

is clamped to zero. The voltage of the auxiliaryding

is proportional to the output winding, sa,¥ will drop
down without auxiliary winding supply. Oncey\ is
below W orr the IC will shut down and be charged
again by the BUS voltage through the start up t@si¢f
the short circuit condition still exists, the systewill
operate in hiccup mode.

Power design

A few applications are shown as below.

The test is operated in natural cooling conditibB=C
ambient temperature.

Power Device Design

MOSFET and DIODE

When the operation condition is with maximum input
voltage and full load, the voltage stress of inabepl
MOSFET and secondary power diode is maximized;

VMOSﬁDSfMsz\/EVAciMAX-I—N ps X (V ourtV DJ)-I— AV 5(8)

2V,
\/_ Ae MR +VOUT (9)

NPS

Where Vic max iS maximum input AC RMS voltage;sl
is the turns ratio of the Flyback transformegyY is the
rated output voltage; 3t is the forward voltage of
secondary power diodeAVs is the overshoot voltage
clamped by RCD snubber during OFF time.

VD_R_MAX -

When the operation condition is with minimum input
voltage and full load, the current stress of inated
MOSFET and power diode is maximized.

Ivos_ek_wax=! p_pk_wax (10)
Ivos_rus_max=! p_rus_wax(11)
Io_pk max =Nps X! o px_uax(12)
o ave =l our (13)

Where bprmax and brusmax are maximum primary
peak current and RMS current, which will be introeld
later.

Transformer (Npsand Ly)

Npsis limited by the electrical stress of the inténpawer
MOSFET:

AN_SY50103Rev.0.1

Silergy Corp. ConfidehtPrepared for Customer Use Only
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| - 2POUT + Z%UT
P,PK,MAX
N VMOS (BR)DSXgO%_\/_ZVAC MAX 'AVS (14) nx VDC,MIN nx N PS X(V ouT +V D,l) (16)
< _ |
Fe Vour +VD_F +T[\/42POUT X Corain % fs v
n ,

Where Msos @erpps IS the breakdown voltage of the
integrated MOSFET. L 2Ryt a7

m = 2
r] X IP,PK,MAX fS,MIN

In Quasi-Resonant mode, each switching period ccle \where Gran is the parasitic capacitance at drain of

consists of three parts: current rising time durrent  integrated MOSFET; is the efficiency; Byr is rated full
falling time  and quasi-resonant timgshown in Fig.7.  |9ad power

v (d) Compute current rising time tand current falling

r time t |

L. x
| t, =PI (18)
[ > Vaus
t - Lm Xl P,PK,MAX (19)

? NPSX(VOUT+VD,9

! ls» 1
o] | tg = (20)
i fS,MIN

lour

/ (e) Compute primary maximum RMS curreptrls.vax
for the transformer fabrication.

3 t
IP,RMS,MAX = ?I P,PK,MAX x t_l (21)
S

(f) Compute secondary maximum peak currehiax
and RMS current glrus.wax for the transformer

I tois

) o fabrication.
Fig.7 switching waveforms
When the operation condition is with minimum ingu@ 's picwa N es* ! o pr und22)
RMS voltage and full load, the switching frequerisy
minimum frequency, the maximum peak current through _ V3 t,
integrated MOSFET and the transformer happens. S,RMS, MAX _?N pstl o i max ] t_s (23)

Once the minimum frequency_fn is set, the inductance .
of the transformer could be induced. The desigmfie ~ 1ransformer design (N>,Ns,Naux)
shown as below:

The design of the transformer is similar with ogiin
(a)Select Ms Flyback transformer. the parameters below are sacgs

Nps < VMOSJBR)Dngo%"/_ZVAC—MAX AVs (15) Necessary parameters
VourtVo ¢ Turns ratio Ns
Inductance M
(b) Preset minimum frequency._fin Primary maximum current p-bi-mAX
Primary maximum RMS current | pusmax
(c) Compute inductor . and maximum primary peak Secondary maximum RMS currents gus max

current l’,PK,MAX
The design rules are as followed:

AN_SY50103Rev.0.1 Silergy Corp. ConfidehtPrepared for Customer Use Only 8
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(a) Select the magnetic core style, identify the dffec
area A.

(b) Preset the maximum magnetic flai
AB=0.22~0.26T

(c) Compute primary turn N

- Ly I P_PK_MAX (24)
ABXA,

P

(d) Compute secondary turnsN

N
N.=—P (25
Sy (25)

PS

(e) compute auxiliary turn Nyx

N =N X2 (26)

ouT

Where \{\ is the working voltage of VIN pin (10V~11V
is recommended).

(f) Select an appropriate wire diameter

With lp.rus.max @and kruws.max, Select appropriate wire to
make sure the current density ranges from 4A7rum
10A/mn?

(g) If the winding area of the core and bobbin is not
enough, reselect the core style, ggapand redesign the
transformer until the ideal transformer is achieved

Input capacitor Csus

Generally, the input capacitopgs is selected by
Cous=2~JF/W

Or more accurately by
AVBUS

\/EVAC,NHN
Tt
1

p

arcsin(l-
2

P
X OUTx

n

CBUS =

(27)

AVBUS

NG )]
2\/AC,MIN
WhereAVpgys is the voltage ripple of BUS line.

2le VAZC,MIN [1 - (1 -

RCD snubber for MOSFET

The power loss of the snubbegBis evaluated first

L
L—Kx F())UT (28)

M

_ NpgX (VOUT+V DJ;+AV Sy
AVg

RCD

Where Nsis the turns ratio of the Flyback transformer;
Vour is the output voltage; 3+ is the forward voltage of
the power diodeAVs is the overshoot voltage clamped
by RCD snubber; L is the leakage inductor;yLis the
inductance of the Flyback transformegyPis the output
power.

The Rkep is related with the power loss:

_ (N ps v ourtV DJ)"'AV s) ?

RRCD -

(29)

I:)RCD
The Geep is related with the voltage ripple of the snubber
AV rep

C. = NpgX NOUT+V Dj)"' AV
ReP RRCDfSAV C_RCD

*(30)

Layout

(a) To achieve better EMI performance and reduwe |
frequency ripples, the output of the bridge reetihould
be connected to the BUS line capacitor first, thehe
switching circuit.

(b) The circuit loop of all switching circuit shaube kept
small: primary power loop, secondary loop and aarxil
power loop.

(c) The connection of primary ground is recommenal&d

©20a 02000020
®

Ground® :ground of BUS line capacitor
Ground®: ground of bias supply capacitor
Ground®: ground node of auxiliary winding
Ground@: ground of signal trace

Ground®: primary ground node of Y capacitor
Ground®: ground node of current sample resistor.

(d) bias supply trace should be connected to thke bi
supply capacitor first instead of GND pin. The bias
supply capacitor should be put beside the IC.

AN_SY50103Rev.0.1

Silergy Corp. ConfidehtPrepared for Customer Use Only
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(e) Loop of‘Source pin — current sample resistor — GND () The resistor divider connected to ZCS pin is
recommended to be put beside the IC.

pin’ should be kept as small as possible.

’: Vourt
L = C5T R§ =
DB1 Cl /= R2=C % § Vour-
o—— 7 RIS
; v
DI
D2 R3
N MY _]_
g
3 SY50103
T|
1 NC DRAIN
Ri= Il NC
VIN ISEN
zcs COMP|— = R7
L cyl
RS R6 _|__|
Cc4 I 1

AN_SY50103Rev.0.1 Silergy Corp. ConfidehtPrepared for Customer Use Only 10
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A design example of typical application is showlohestep by step.

#1. Identify design specification

Design Example

Design Specification

VAc(RMS) 90V"‘264V \6UT 5V
IOUT 2A n 83%
#2. Transformer design @Y Ly)

Refer to Power Device Design

Conditions

VAC,MIN 90V VAC-MAX 264V
AVS 80V VMOS—(BR)DS 600V
Pout (Max) 10w VD,F 1V
Chbrain 100pF Emin 52kHz
AVgys 40% Vgus

(a)Compute turns ratio M first

Npe <

VMOS_(BR)DS x 90%'\/_2VAC_MAX 'Avs

VOUT +VD,F

_600Vx 0.9+ 2x 264V-80V

5V+1V

=145
Npsis set to
N,=13
(b)fsmin is preset

fe un=52kHz

(c) Compute inductor | and maximum primary peak currepbk max

2 POUT

| = +
P,PK,MAX nx (\/EVAC,NHN 'AVBus) NXNpgX(Voyr+V D,F)

2x10W

2x 10W

©0.83x (/2x 90V -0.4+ Z 90V) 0.83x 13 (5V+ 1V)

=0.625A

x|

+ T[\/ ZEUT X CDrain x fS,MIN

x 10W>< 100pFx 52KHz
0.83

AN_SY50103Rev.0.1

Silergy Corp. ConfidehtPrepared for Customer Use Only
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m = 2
r] x IP,PK,MAX ><fS,MIN

_ 2x10W
0.83x (0.625A3 x 52kHz
=1.186mH

Set: L,,=1.18mH

(d) Compute current rising time @and current falling time t

_ Ly Xlppkmax _ 1.18mHx 0.625A_
Vaus J2x90v

5.8us

1

Lo ¥l ook _1.18mHx 0.625A_ o4us
NesX(Vour+Vpd  13X(5V +1V)

2

ty=nx /L, XCpap =1 X /1.18mHx 100pF=141 s

tg=t,+t,+t,=5.81s+ 9.4f s 1l s 16.86 S

(e) Compute primary maximum RMS currepirlys.max for the transformer fabrication.

V3 t, /3 5.81s
| =3 x |2 =¥2x0,625A% |-—HS = 02157
P,RMS,MAX P,PK,MAX ts 3 16361 s

3

(f) Compute secondary maximum peak currepkliax and RMS currentslrus.max for the transformer fabrication.

ls p =N psX | p py wax=13%0.625A= 8.125A

V3 t J3 9.461's
| =N x 22| x |2 =13xX2x0,625Ax |~ ° = 3 567A
S,RMS,MAX PS 3 P,PK,MAX tS 3 163@ s

#3. Select secondary power diode

Refer to Power Device Design

Compute the voltage and the current stress of skecgmpower diode

Ja2v
Vo 4y N2X264V o ag oy
N, 13

VDiRiMAX =

o i =NpsX | p oy uw=13% 0.485A=8.125A

I D_AVG =2.0A

AN_SY50103Rev.0.1 Silergy Corp. ConfidehtPrepared for Customer Use Only 12
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#4. Select the input capacitoiC

Refer to input capacitor EDesign

Known conditions at this step
Vacu | 90v | AVeus [ 40% Vac

arcsin(t- _AVeys b n

P 1
CBUS - AC,MIN X ouT X
n n 2 AVeys 2
2fINVAC,MIN 1-@a- )]
\/EVAC,MIN
arcsin(t- 70'4x\/—2x oV )#E
- J2x9ov "2 10W 1
i 0.83
ox65KkHzx 90V x 1 (1 02X 90V
J2x90v

=20.16.F
WhereAVpgys is the voltage ripple of BUS line.
#5. Set VIN pin
Refer to Start up
Conditions
VBUSMIN 90Vx 1.414 \bus max 264Vx 1.414
Ist 15uA (typical) ViN-ON 16V (typical)
lvin-ovp 2mA (typical) 133 2s (designed by user)

(a) Rstis preset

Vous _90Vx1.414

Ry, <—2& =8.48M2 ,
lsr  150A
V, )
Ry > Veus - 264Vx1 414:186IQ
IVINﬁOVP 2mA
Set Ry
R¢;=4M

(b) Design Gy

V
(~BUS.| Y Xty (90V>< 1'414-15uA) x5
C = st - 4MQ

" V\/INfON 16V

=2.uF

AN_SY50103Rev.0.1 Silergy Corp. ConfidehtPrepared for Customer Use Only 13
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#6. Set current sense resistor to achieve ideplibatrrent

Refer toPrimary-side constant-current control

Known conditions at this step

Ky 0.5 Nos 13
VRrer 0.42v bur,um 2.4A
The current sense resistor is
R.= k1 x VREF XN
S
IOUT
_0.5x0.42vx 13
2.4A
=1.1382
#7. Set ZCS pin
Refer to \byr
First identify Rcsy need for line regulation.
Parameters Designed
Rzcsu | 100k
Then compute Rsp
Conditions
Vour 5V Vzcs Rer 1.25v
Rzcsu 100k Ng 8
Naux 13
_ Rasu 100K _
chso_ VOUTNAUL ] - 5V x13 _1) =18.18K
VycsreMN s 1.25Vx 8

R,cep=18.18102

AN_SY50103Rev.0.1
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#8. Final result

BD1 MB10S
F1 250VHA 228 T1 EPC17 D c
— TV VTV
j& L1 470uH c3 R5 3 1.18mH °
1nF
1KVH206 330k/1206
AC 1 $
Input C1==< - C2 R3 D3 SZ
10uF/ 2M/1206 SB540
400V 10uF/400V
ZlS []ngoe ;{016‘1206 C9 1000uF/10V
/ Y
71
= D1
D5 R7 1N4007 \|
1N4935 2/0805 \ 71
N — .
1% - C13 10uF/10v/1208
4
c4
%.220%FII1UF 3 3L2H
5 l - SY50103 c11 470uFrov 4 M
V|
—L— - ne DRAIN i
R6 [:I GND R10 2/0805
100/ 0805 £
= R12 3K//3k/1206
L VIN ISEN I -
R9 |1
7CS COMP 2.4/0805 CI1!)
Vout| 10uF/10V/1206 | Vout+
cy
4700
N
o | L
10805 750/0805 33nF/0805

AN_SY50103Rev.0.1 Silergy Corp. ConfidehtPrepared for Customer Use Only 15
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S08 Package Outline & PCB Layout Design

P r|:| 0 0 ] {
( r ~

2 % O 5
\ \N J
000cC

—= 0.60=— —=—0.30-0.50
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Notes: All dimensions are in millimeters.
All dimensions don’t include mold flash & metal burr.
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