FUJITSU SEMICONDUCTOR
DS04-26222-1E

ASSP For Video Applications

CMOS

3 ch 8-bit 162 MSPS A/D Converter
MB40C338

m DESCRIPTION
MB40C338 is a high-speed 3ch A/D converter using a fast CMOS technology.

m FEATURES
» Resolution : 8 bit
* No. of AD channels :3ch
* Linearity error : £0.40 % (typical)
* Maximum conversion rate : 162 MSPS (minimum)
» Power supply voltage : 3.3V (typical : internal circuit)

« Digital input voltage range : TTL level
« Digital output voltage range : 3.3 V CMOS level
* Amp. input voltage range : 0.7 Ve-p (typical)

* Amp. gain : 1.9 double fixed
» Power dissipation : 1100 mW (typical)
 Additional features : PLL circuit

Video amp. circuit (1.9 double fixed gain)
CLAMP circuit
Vrr AMP circuit (RGB 3 ch common)
Vre AMP circuit (RGB 3 ch common)
Overflow output
High impedance output, power down function
» Package : LQFP120 (16 mm x 16mm, lead pitch : 0.5 mm)

m PACKAGE

120-pin plastic LQFP

(FPT-120P-M21)
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m PIN ASSIGNMENT

(TOP VIEW)

[EERE NN NN R RN E RN RN RERERERERERERE

oy @ ey Y @

2 2 2 s 2 :

O d NSV ONON O IdANMITL ONOD NSNS WO~

380888885228 8484888848852884800404840

Frrrrrrro0<I<rrrrrrrronoooooooo

0000000000000 0000000000000000T1

OO0~ OLTMNANAOODDON~NODTNOANTODNDONOL ST MN A

0> 00 0000 O0OOMOKOWOOMNMNMMNNMNMNMNNMNNMDNMNNDNDSO OO O OO OOoOo
SSAV [ 16 09
SSAQ ] ¢6 6G
aana Cj €6 89
ad1od vé PAS]
A0 O S6 9§
aM10av . 96 i}
vI1oav L6 S
M10X3 O 86 €9
aM10dXx3 ] 66 4s]
AN10dX3 O 00T 1§
1noo O 10T 0S
gONASA ] ¢oT 6V
ONASa O €ot 2174
400 0T yA4
SsAQ O] SOT 14
aan@ ™ 90T 514
adav ] 20T 144
SSAY ] 80T 174
edA ] 60T [44
WNLIA ] OTT 1174
wAd TIT ov
LA O 2TT 6€
43Y O] €TT 8¢
SSAd O ¥TT LE
4d70 STT 9€
aand O 91T 154
aloHH O 1T Ve
ONASH O 8TT €€
aand O 6TT [4>
SSAd [ 02T 1€

O “nmtwornoaddadIB3GT32IRINIAICGRITERS

bbby dododnd

Sl ZEE 0858505 85033t Sl65R L2822

k70 BT>PIxgIg><>7 £33 Jboan

o Q) om &

0
=3

SSAd
aand
0a@9o (9s7)
1909
24go
€ado
vadgo
[sd4go
989
£ad9o (asi)
aand
SSAd
SSAV
Aaav
ovag (asm)
wvag
vag
€evag
vvag
svag
avag
vag (as)
aand
SSAd
oaagd (asm)
1aQd
249dg
€4dg
vaag
sd9dgd

(FPT-120P-M21)




MB40C338
S

m PIN DESCRIPTION

Pin No. Symbol Description
9, 23, 47,
79, 107 AVop Analog power supply (+3.3 V)
28, 38, 50,
59, 70, 82, DVob Digital power supply (+3.3 V)
93, 106
116, 119 PVoo PLL Power supply pin (+3.3 V)
14 VEsp Digital input power supply for protect device (+3.3 V or +5 V)
10, 12, 22,
48, 80, 91, AVss Analog power supply ground pin (0 V)
108
27, 37, 49,
60, 69, 81, DVss Digital power supply ground pin (0 V)
92, 105
114,120 PVss PLL Power supply ground pin (0 V)
1 RVin
3 GV 1.9 double amp. input pin
5 BVin
11 RADIN A/D converter input pin
13 GADIN Please set these pins to open usuall
15 BADIN P P y.
19 RVcie
20 GVcie Clamp voltage setting input pin
21 BVcire
110 VRTM Reference voltage output pin on top side
111 VRt Reference voltage input pin on top side
112 VReFT Reference voltage generator output pin on top side
16 Vrem Reference voltage output pin on bottom side
17 Vre Reference voltage input pin on bottom side
18 VReFs Reference voltage generator output pin on bottom side
6 VRr1 Reference 1/4 voltage output pin (Add 0.1 uF for AVss)
2 Vr2 Reference 1/2 voltage output pin (Add 0.1 uF for AVss)
109 VRr3 Reference 3/4 voltage output pin (Add 0.1 uF for AVss)
25 CK Serial data transfer clock input pin
26 DATA Serial data input pin
L Chip select signal input pin L
24 CS It is possible to input to the shift register at CS falling
The content of the shift register is executed at CS rising.
08 EXCLK C_Iock '|‘n!,)ut pin for A/D converter (CMOS level)
Fix to “L” level when unused.

Note: The values in parentheses are standard.

(Continued)
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(Continued)
Parameter Symbol Description
99 EXPCLKB D_|ffere“nt,|1al clock (negative-phase) input pin for A/D converter
Fix to “H” level when unused.
- - — - - PECL level
100 EXPCLK D_|ffere“n'a|al clock (positive-phase) input pin for A/D converter
Fix to “L” level when unused.
8 PCLP Clamp pulse input pin
4 CE Power down at CE input “H” (internal pull-up resistor)
113 Rrer Internal current setting pin (Add 12 kQ for AVss)
103 DSYNC Delay sync signal output pin
102 DSYNCB Inverted delay sync signal output pin
95 CLK
94 CLKB )
Clock output pin (See “a TIMING DIAGRAM".)
97 ADCLKA
96 ADCLKB
831090 RDa7 to RDro | Digital output pin (Port A)
61 to 68 GDa7 to GDao | RDa7, GDa7, BDa7 : MSB
39 to 46 BDa7 to BDao | RDao, GDso, BDao : LSB
71t0 78 RDe- to RDso | Digital output pin (Port B)
51 to 58 GDg7 to GDso |RDs7, GDg7, BDs7 : MSB
29 to 36 BDg7 to BDso | RDgo, GDsgo, BDeo : LSB
101 CouT PLL counter output pin
115 LPF External capacitor/resistor connection pin
117 HHOLD Phase detector operation is hold by input “H” level
118 HSYNC Horizontal sync signal input pin
7 VRrer Internal voltage output pin (Add 3.3uF for AVss)
104 OF Overflow output pin (“H” level output at overflow)

Note: The values in parentheses are standard.
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m BLOCK DIAGRAM
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m ABSOLUTE MAXIMUM RATINGS

Parameter

Symbol

Rating

Min.

Max.

Unit

AVbp, DVop, PVop

-0.3

+4.0

Power supply voltage

VEesp

-0.3

+7.0

RViN, GViN, BViN,
RADIN, GADIN, BADIN,
RVcie, GVcerr, BVetrr,
VRT, VRT™, VREFT,
VRs, VreM, VREFB,
VR1, VRr2, VR3

VRer, Rrer

AVpp+0.3*1

Input/output voltage

RDx#o to RDa7, RDgo to RDg7,
GDao to GDa7, GDso to GDsv,
BDao to BDa7, BDso to BDs7,
DSYNC, DSYNCB, OF,
COUT, CLK, CLKB,
ADCLKA, ADCLKB

DVop+0.3*1

LPF

PVbp+0.3*1

CK, DATA, CS,
EXPCLKB, EXPCLK,
PCLP, CE, EXCLK,
HHOLD, HSYNC

VEesp+0.3*2

Storage temperature

Tste

+125

*1 : Do not exceed +4.0 V.
*2 : Do not exceed +7.0 V.

WARNING: Semiconductor devices can be permanently damaged by application of stress (voltage, current,

temperature, etc.) in excess of absolute maximum ratings. Do not exceed these ratings.




m RECOMMENDED OPERATING CONDITIONS

MB40C338
e

Parameter Symbol - Rating Unit
Min. Typ. Max.

AVop, DVop 3.00 3.30 3.60 \%

Power supply voltage PVob 3.00 3.30 3.60 \%
VEsp 3.00 O 5.25 \Y

A/D converter input voltage VapIN Vre a VRt \%

Analog reference voltage: T VRt O 2.2 AVoo - 0.6 \%

Analog reference voltage: B Vre 0.6 0.7 O \%
Analog reference voltage range VrT = VRr8 1.0 15 1.8 \%
Video AMP input voltage VN (p-p) 0.5 d 0.9 Ve-p
Clamp input voltage Veip 0.6 VRrs 1.7 \

Digital “H” level input voltage ViHp 2.5 a VEesp \%

Digital “L” level input voltage Vi 0 g 0.5 \%
Digital “H” level output current loHp -400 O O HA
Digital “L” level output current loLp O O 1.6 mA

PLL counter Pc 100 d 4095 O
HSYNC input frequency range fusyne 10 a 100 kHz
HHOLD set up time tsHHOLD 20 a O ns
HHOLD hold time thHHOLD 20 0 0 ns
Clamp pulse width twere 0.5 ad O us
CK clock pulse width twekt, twekH 100 g g ns
DATA set up time tspaTA 30 d O ns
DATA hold time thoaTA 30 O O ns
CS set up time tscs 50 | 0 ns
CS hold time thcs 50 0 0 ns
CS “H” level hold time twesH 100 | 0 ns
Operating temperature range Ta =20 g 70 °C

WARNING: The recommended operating conditions are required in order to ensure the normal operation of the
semiconductor device. All of the device’s electrical characteristics are warranted when the device is

operated within these ranges.

Always use semiconductor devices within their recommended operating condition ranges. Operation

outside these ranges may adversely affect reliability and could result in device failure.

No warranty is made with respect to uses, operating conditions, or combinations not represented on
the data sheet. Users considering application outside the listed conditions are advised to contact their

FUJITSU representatives beforehand.
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m ELECTRICAL CHARACTERISTICS
1. DC Characteristics in Analog Section

« Power supply current

(AVop = DVop =PVop =3.0 V10 3.6 V, Vesp =3.0 Vt0 5.25 V, Ta = -20 °C to +70 °C)

Value )
Parameter Symbol - Unit
Min. Typ. Max.

Analog power supply current Alop O 220 310 mA

Digital power supply current Dloo O 100 110 mA
Power supply current PLL section

(@ fvcon = 162 MHz, Icp = 0.5 mA, DIV = 1/1) Ploo . 16 20 mA

Standby current Iss O 10 O mA

* A/D Block (AVop =DVop =PVop =3.0Vt0 3.6 V, Veso = 3.0 Vt0 5.25 V, Ta =-20 °C to +70 °C)
Value )
Parameter Symbol . Unit
Min. Typ. Max.
Resolution O O 8 ad bit
Linearity error (DC Accuracy) LE -0.8 +0.4 +0.8 %
Differential linearity error : 0
(DC Accuracy) DLE 0.36 +0.2 +0.65 %
Reference voltage : T VRerT 0.63 x AVop 0.67 x AVop 0.70 x AVop \%
Reference voltage : B VRers 0.18 x AVop 0.21 x AVobp 0.24 x AVpbp Y,
Analog reference voltage Ier, Ire 0 5 20 UA
input current

* Video AMP Block

(AVop = DVop = PVop =3.0 V10 3.6 V, Veso =3.0 V t0 5.25 V, Ta = -20 °C to +70 °C)

Value .
Parameter Symbol - Unit
Min. Typ. Max.
Video AMP gain Gawmp 1.8 1.9 2.0 O
Video AMP output voltage range Vawpout 0.5 O AVoo - 0.6 \%
Video AMP frequency width BW a 250 O MHz
Video AMP input capacity Cvin O 5 O pF

* CLAMP Block

(AVop = DVop = PVop =3.0V 10 3.6 V, Veso =3.0 V10 5.25 V, Ta = -20 °C to +70 °C)

Value )
Parameter Symbol - Unit
Min. Typ. Max.
Veir input current lce O 5 20 A
Clamp voltage Veiavp Ver - 0.1 Veip Veir +0.1 \%

* PLL Block (AVop =DVop =PVop =3.0Vt0 3.6 V, Veso =3.0 V10 5.25 V, Ta =-20 °C to +70 °C)
Value ]
Parameter Symbol - Unit
Min. Typ. Max.
CLK jitter (@ fusync = 79.98 kHz, fcik = 135.0 MHZz) O 1.0 15 ns
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2. DC Characteristic in Digital Section
(AVop = DVop = PVoo =3.0 V10 3.6 V, Vesp =3.0 V10 5.25 V, Ta = -20 °C to +70 °C)

Value )
Parameter Symbol - Unit
Min. Typ. Max.
Digital input current lio -20 O 5 A
Digital “H” level output voltage VoHp DVoo - 0.4 O O \%
Digital “L” level output voltage Voup O O 0.4 \%

3. Switching Characteristics
(AVop = DVoo = PVoo =3.0V 10 3.6 V, Vesp =3.0 V10 5.25 V, Ta = =20 °C to +70 °C)

Value .
Parameter Symbol - Unit
Min. Typ. Max.
A/D Maximum conversion rate fs 162 O O MSPS
Aperture time tap O 15 a ns
VCO oscillation VCOL fvcoL 75 O 140 MHz
frequency VCOH fucon 85 0 162 MHz
CLK output delay time tpd (HsYNC-CLK) 1.0 2.0 4.0 ns
o } tpd (cLk-ADCLK?) 0.0 1.0 2.0 ns
Digital output delay time
tpd (cLk-DATA2) 2.5 4.0 6.0 ns
DSYNC output delay time tpd (cLk-DsYNC) 0.5 1.5 2.0 ns
m DIGITAL OUTPUT BUFFER LOAD CIRCUIT
To the ;
Measurement point
measurement © J_ % P
point J; CL=15pF
DVss Note: Ci includes a stray capacitance of a probe and a fixture.
m MODE SETTING
Symbol Setting Mode
cE H All function power OFF
L Operation mode
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m SERIAL DATA SETTING (MSB FAST)
: (Address) (Data) ;
LSB = : > MSB.

RES| DO | D1 | D2 { D3 | D4 | D5 | D6 | D7 | D8 D10

1 1 0 0 0 0 0 0 0 0 1 0
2 0 1 0 0 0 0 0 X X X

Function

Counter low ranking 8 bit

Counter high ranking 4 bit
CLK DELAY adjust** : ta = N/ (32 % fcwk)

HSYNC polarity : 0 = through,
3 1 =inversion

A/D converter output :
0 = operation, 1 = high impedance

CLK output: 0 =on, 1 =“L"

CLKB output : 0 =on, 1 =“L"

DSYNC output: 0 =on, 1 =“L"
DSYNCB output: 0 =on, 1 =“L"
ADCLKA output: 0 =o0n, 1 ="L"
ADCLKB output: 0=o0n,1="L"
DSYNC delay*?: 0,1, 2,3

CLK change : 0 =VCO, 1 = External clock
External clock input: 0 = CMOS, 1 = PECL
Counter operation : 0 =on, 1 = off

=
=
o
o
o
o
o
o
o
=
o

R|lRr|r|lo|lo|lo|lo|o|o| o
o|lo|lo|l|o|o|o|o|o|o| o
RPlRr|RrlRrR|IRP|RPR|R|[R|R
o|lo|lo|lo|o|o|o|o| oo
o|lo|lo|lo|o|o|o|o]of|o
o|lo|lo|l|o|o|o|o|lo|lo| o
o|lo|lo|l|o|o|o|lo|lo|o| o
o|lo|lo|l|o|o|lo|lo|o|o| o
o|lo|lo|lo|lo|lo|o|o|o| o
RPlRr|RrlRr|lRr|IRPr|RP|R|[R|R
o|lo|lo|o|lo|o|o|o|o| o

5 Charge pump current*s :
0.1 mA, 0.5 mA, 1 mA

VCO select: 0 =VCOL, 1 =VCOH
Divider setting* : 1, 1/2, 1/4, 1/8 x 1

-
o
=
o
o
o
o
o
o
=
o

1 0 1 0 0 0 0 0 0 1
1 0 1 0 0 0 0 0 0 1 0

*1 : Setting at 6bit, Resolution :
*2,*3, *4 . See under table

1/32 x CLK, Setting range : 0 to 63/32 x CLK

Setting 0(0,0) 1(1,0) 2(0,1) 3(1,1)
DSYNC delay*? 0 CLK 1 CLK 2 CLK 3 CLK
Charge pump current*® 0.1 mA 0.5 mA 1.0 mA O
Divider setting* 1/1 1/2 1/4 1/8
Example: input at 16 bit
MSB LSB
DATA input >< Invalid data >< DATA ><Address ><
(5 bit) (8 bit) (3 bit)
CS input
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m RECOMMENDED VALUE OF SERIAL DATA SETTING

fek (MHZz) frsyne (kHZz) Counter |lcp (mA) VCO select Divider 1 vco (MHz)

UXGA 162.000 75.000 2160 0.5 VCOH 11 162.000
157.500 91.146 1728 0.5 VCOH 11 157.500

SXGA 135.000 81.130 1664 0.5 VCOH or VCOL 11 135.000
108.000 64.904 1664 0.5 VCOH or VCOL 1/1 108.000

94.500 68.677 1376 0.5 VCOH or VCOL 1/1 94.500

78.750 60.023 1312 0.5 VCOL 1/1 78.750

XGA 75.000 56.476 1328 0.5 VCOH 1/2 150.000
65.000 48.363 1344 0.5 VCOH or VCOL 1/2 130.000

56.250 53.674 1048 0.5 VCOH or VCOL 1/2 112.500

50.000 48.077 1040 0.5 VCOH or VCOL 1/2 100.000

SVeA 49.500 46.875 1056 0.5 VCOH or VCOL 1/2 99.000
40.000 37.879 1056 0.5 VCOL 1/2 80.000

36.000 43.269 832 0.5 VCOH 1/4 144.000

31.500 37.861 832 0.5 VCOH or VCOL 1/4 126.000

VeA 25.175 31.469 800 0.5 VCOH or VCOL 1/4 100.700
25.149 31.436 800 0.5 VCOH or VCOL 1/4 100.596

29.375 15.625 1880 0.5 VCOH or VCOL 1/4 117.500

PAL 22.031 15.625 1410 0.5 VCOH or VCOL 1/4 88.125

14.688 15.625 940 0.5 VCOH or VCOL 1/8 117.500

24.545 15.734 1560 0.5 VCOH or VCOL 1/4 98.180

NTSC 18.409 15.734 1170 0.5 VCOH 1/8 147.270
12.273 15.734 780 0.5 VCOH or VCOL 1/8 98.180

VCO select : VCOH (fvco = 85 MHz to 162 MHz)
VCOL (fvco = 75 MHz to 140 MHz)
fek = frsyne x Counter

fvco = fusync x Counter/Divider



MB40C338
S

m TIMING DIAGRAM
» Demultiplex Output (in-phase) Mode

ViHp
HSYNC input
Vio

tpd (HSYNC-CLK)
-y—— .

VoHb

CLKB output:---:
CLK output

VoLb

tpd (CLK-DSYNC)
- :

VoHb
DSYNC output
VoLp

© ! tpd (CLK-ADCLK2)
L — .

VoHp R .

ADCLKA output :
Voip "°7""

VoHp :
ADCLKB output :

VoLp

N IN+1 IN+2 IN+3 IN+4 IN+5 IN+6 IN+7 IN+8 IN+9

ADIN input AL LN

i 1 tpd (CLK-DATA2)
.- :

VoHp

DAOtODA?OUtpUtg X X x X x X x X x X N X N+2

VoLb

Vorb

VoLp

Vorb

OFoutputgx X x X x X x X x X N X N+2

VoLp

« ADIN input: Sampling at CLK rising (at CLKB falling)
* Dao to Da7: Output (after 6 CLK + tpa (cLk-pata2) from sampling ) at CLK rising (at CLKB falling)
* Dso to De7: Output (after 5 CLK + tpa (cLk-pata2) from sampling ) at CLK rising (at CLKB falling)

12
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m CLAMP and AMP OPERATION

Amp/CLAMP circuit

/—O RVcLp
. RVIN 7 |\ e (PR iy N
Image signal o——] +
10 uF

x1.9 O RADIN
/ R1
R2
l INTERNAL BIAS
l (0.6 x AVDD)
< For example, Sync on G signal input >
0.7 Vp-p

GVIN

PCLP |

1.33 Ve-p

GADIN

Contrast adjust : controlling the voltage difference between VRT and VRB (typ : Vrr — Vre = 1.33 V)
Brightness adjust : controlling the voltage difference between VCLP and VRB (typ : Vcie = Vrs)

13
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m CLAMP SIGNAL and HOLD SIGNAL

e [T

: thHHOLD : tsHHOLD : : thHHOLD : tsHHOLD :

HHOLD input

twCLP

PCLP input

m SERIAL DATA TRANSFER TIMING

twCKL | twekH tSDATA! thDATA
! .

CK input | I

¢ thcs  twesH |

tscs : : :

CS input

14
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m TYPICAL APPLICATION
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m USAGE PRECAUTIONS

Be sure to ground the pins of AVop, DVoo, PVop, Vesp, VrtM, Vrem, Vri, Vrz, Vrs and Vrer via high-frequency

capacitor.

Place the high-frequency capacitor as close as possible to the pin.

m ORDERING INFORMATION

Part number

Package

Remark

MB40C338PFV

120-pin plastic LQFP
(FPT-120P-M21)
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m PACKAGE DIMENSION

120-pin plastic LQFP
(FPT-120P-M21)
18.00+0.20(.709+.008)SQ
16.00+0.10(.630+.004)SQ
AARAAARARAAAAAAAARARAAAAAARARA
(0= O O == ()

= = o[008003)]  oeruis of A pant |
i % ‘ +0.20 ‘
= - | A0 ounting height) !
= =5 | ( .059 —004) }
== = ‘ [
B INDEX = | |

5= = |
oF Ofs B iy i

| —

R R R LR E R Y } [ 0.10:0.05 |
LEAD No. oo | oasioTs (0042.002) |
(%332%83) [©[0.08(.003) @) (():(1)32 oo | (.018/.030) (Stand of)
G T }
© 1998 FUJITSU LIMITED F120033S-2C-2 Dimension in mm (inches)

17
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FUJITSU LIMITED

All Rights Reserved.

The contents of this document are subject to change without notice.
Customers are advised to consult with FUJITSU sales
representatives before ordering.

The information and circuit diagrams in this document are
presented as examples of semiconductor device applications, and
are not intended to be incorporated in devices for actual use. Also,
FUJITSU is unable to assume responsibility for infringement of
any patent rights or other rights of third parties arising from the use
of this information or circuit diagrams.

The products described in this document are designed, developed
and manufactured as contemplated for general use, including
without limitation, ordinary industrial use, general office use,
personal use, and household use, but are not designed, developed
and manufactured as contemplated (1) for use accompanying fatal
risks or dangers that, unless extremely high safety is secured, could
have a serious effect to the public, and could lead directly to death,
personal injury, severe physical damage or other loss (i.e., nuclear
reaction control in nuclear facility, aircraft flight control, air traffic
control, mass transport control, medical life support system, missile
launch control in weapon system), or (2) for use requiring
extremely high reliability (i.e., submersible repeater and artificial
satellite).

Please note that Fujitsu will not be liable against you and/or any
third party for any claims or damages arising in connection with
above-mentioned uses of the products.

Any semiconductor devices have an inherent chance of failure. You
must protect against injury, damage or loss from such failures by
incorporating safety design measures into your facility and
equipment such as redundancy, fire protection, and prevention of
over-current levels and other abnormal operating conditions.

If any products described in this document represent goods or
technologies subject to certain restrictions on export under the
Foreign Exchange and Foreign Trade Law of Japan, the prior
authorization by Japanese government will be required for export
of those products from Japan.
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