SONY SBX1601A

Serlal Interface/Transmission Encoder

Description Package Outline Unit : mm
Tha SBX1601A is a hybrd IC encoder that converis a7 pin PGA

the parallel data into serial form for the purpose of g

interface or transmission of digital video or audio data.

The encoding format employed conforms to SMPTE
L]

T14,224 tentative standard.

Features

All circuitry necessary for conversion from paralial
format data into serial data are included. This allows for
gsimple usage of this seral ransmigsion encoder with
only a few external components.

Other related IC's include SEX16802A seral B AT vt
transmission decoder (including cable equalizer and
sarial to parallel conversion) and CXA1388A0 coaxial
cable driver.

1. Structure  Hybrd IC
2. Applications

» Encoder for 100 to 270 Mbps Seral data.
#» Examplas of application:
Serial Interfaca/Transmission for
4:2:2 270Mbps
disc PAL 177Mbps
41sc NTSC  143Mbps.

3. Functions

# Parallel to sarial convarsion
& Scrambler: Modulo-2 division by G (X)=({+X*+1) (X+1)
& PLL for serial clock ganaration

# PLL lock detecfon
» SYNC word or Timing Referance Signal (or TRS) required in Parallel incomiing data (Hex).
Bhit 10bit
1st word FF IFF
2nd word 00 000
3rd word 00 Q00
dth word (4fsc only) 00 000

{Bbit TRS is intemnally convertad to that of 10 bit).

Note) The words compasing the SYNC word given above shall not appear during data words.
This limitation includes 00 and FF in 8 bit use and 000 through 003 and 3FC through 3FF in 10 bit use,

products and spacifications without prior natica. This infermalion does nol convay any licansa by
M‘L narﬂmmn:mmmnrnmmummhmml lrll'fplﬂdlllrlp'ﬂllu'ﬂillfnglhl
off tha davices, mummmhwmnwwmlmmdh_ﬂm
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4. Absolute Maximum Ratings Ta=25C)
Itam Symbal Ratings Unit
Vee -6 v
Supply voltage Vec - v
Input voltage VM Ve to Vee v
Cutput current lour =30 ma
Operating tamparature Top 0to 65 C
Storage temperature Tsig -50to +125 c
Allowable power dissipation Po 2.0 W

5. Recommended Operating Conditions

ltam Symbel Ratings Unit
Supply voltage Vee 4810-52 V
Supply voltage MNobe) Vce 48052 '}
Operating temperatura Top D65 T

Note) Above conditions are for TTL input.
Voltages are given with respect to the GND potential.
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6. Block Diagram
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7. Pin Description

Standard
Min. | Typ. : Max. |Unit

PT lﬁymhnl ! Equivalent circuit Dascription e

: PLL lock detection. | O
i Turns to H during

: PLL lock. At unlock
becomes irregular.
At free run (THN1H)
turns to L.

1D S N W e e
1 — = ——

H -1.0
L —4.0

-

4
g

Clock output 0
fraquancy divided to
1/10 VGO output.
Utilized to check
VCO free run
fraquency.

L/
¥

36 | PCK

-08
=18
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240

Wit

Input parallel data is
convarted to serial,
Maoraovar,
scramble, NRZ to
MRAZI converted
data Is differentially

output,
H 18
L -2.4
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Pin .y Standard
Symbol Equivalent circuit Description o
No. Min. | Typ. [Max. [Unit
1 {:}ﬂ J:
F " P supply for .
clock and parallel
data input bulers:
29 | Veo «»
_ Give +5V for TTL
& input or -5V for ECL
vry input.
F ﬁ
- 4
VEE
6 | DX
T | DAY
8 | Dax
s | pay Paratlel input poris:
10 | D7TX D3 is MSB
11 | DTY E«E:ﬂ LSB |
) #IH.
12 | D8X Y s for retum.
13 | D&Y
14 | DSX For TTLinput H 20 Vv
15 | D5Y (Voo=+5Y) L 08 |V
16 | D4X
17 | DAY
18 | D3X ForECLInput H -1.0 v
10 | Day (Vecm0V) L =16 Y
20 | DX
21 | D2Y
22 | D1X
23 | DY
24 | DOX
25 | DOY
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SONY SBX1601A
i t
Pin Symbol Equivalent circuit Description IO Standard
N Yy . -
o. Min. | Typ. | Max. | Unit
Selection of VCO (0]
oscillation range:
H: High range
28 | RSE 140 to 270MHz
L: Lowrange
100 to 145MHz
H -04 Vv
L -40| V
vce
Y i ER L
30 | PCK — Parallel clock input
(PCX) and its return | |
G— @—QT}' (PCY):
For ECL input H -1.0 v
Go— - (Vee=0V) L -16|V
For TTLinput H 2.0 \'
31 | PCY y S ¥ 8 (Vee=+5Y) L 08|V
VEE
2
5 | GND GND —
32
-5V powersupply | _ | gl _
26 | Vee for /O butfers PLL 52|-50|-48) V
-5V power supply . _
27 | Vee for Logic block 52(-50|-48| V
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Pin

. _ - Standard
No Symbol Equivalent circuit Description o

Min. | Typ. | Max. | Unit

Adjustment of VCO |
free run frequency:
The closer this pin

is to Ve, the lower
38RV the frequency. To
) adjust, TN1 pin shall
be connected to

g
o GND.
)

]

}
.
1

Phase comparator 0
outVCO input:
Fe Connectto a trap 3.2 \
inorder to attenuate
jitter.

34 | TRP

+ 1= Test node: |
S

20% At H: Input disabled -1.0 v

35 | TN1 35 (VCO free run
condition).
x j,_\lf vaa AtL: Input through. 45|V
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8. Electrical Characteristics

8-1. DC Characteristics (Vee=~-5V, Ta=25°C)
Iltem Symbol b Test conditions Test circuit Fig.| Min. Typ. Max. | Unit
Supply current 1 lge Vee=—5V Fiq. 8-4 140 mA
1g. o-
Supply current 2 lec Vec=+5V g 7 mA
VH | Vee=GND -1.0 \'
vi. | Pinused PCX, PCY, DnX, DnY 16 v
input voltage .
VH | Veo=+5V 20 v
vi. | Pinused PCX, PCY, DnX, DnY 08 v
lH 5.0 A
Input current Pin used PCX, PCY, DnX, DnY Fig. 8-5 * "
hL -1.0 +1.0 LA
ViH ) ! -0.4 v
Pin used RSE Fig. 8-9
Vi -4.0 A
Input voltage
ViH _ . -1.0 \
Pin used TN1 Fig. 8-8
Vi -45 \'%
VoH | Pin used PCK -0.8 v
Voo | Rp=1kQ -16 v
VoH | Pin used LST ' -1.0 v
Output voltage VoL | loH=—10UA, loL=+10pA Fig. 8-7 40 v
VoH | Pin used SX, SY -16 v
Vo Rp=220Q 24 A
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8-2. AC Characteristics

PLL
ltem Symbol Test conditions Test circuit Fig.| Min. Typ. Max. | Unit
VCO Max. oscillation | fMaxt wy 30.0 MHz
RSE="H
frequency 1 N Fiu 8.6 140 | MRz
ig. 8-

VCO Max. oscillation | fuaxa RSE= “L" 15.0 MHz
frequency 2 fhanz 100 | MHz
fiP1_ | {signal=270MHz 27.7 MHz
fiey | RSE="H" 255 | MHz
fup2 | fsignal=177MHz ) 18.8 MHz

PLL pullin range P Fig. 8-3
pulinrange e | RSE="H g 165 | MHz
fPs | f signal=143MHz 15.0 MHz
firg | RSE="L" 13.0 | MHz
Jitter it | fegnaZ7OMHz Fig. 8-10 +0.25 | nsec

Tested through PCK (Pin 36): 1/10 of serial clock.
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SONY SBX1601A
Switching Characteristics (Vee=-5V, Ta=25°C)
ltem Symbol Test conditions l Test circuit Fig.| Min. Typ. Max. | Unit
rise time tr Pins used PCK i 0.8 nsec
fall time tf Re=1kQ 1.4 nsec
rise time tr Pins used SX, SY 07 nsec
fall time Dot Rp=220Q 0.7 nsec

Fig. 8-1. Definition of tr, tf

Timing Relation of Input Clock and Data (Vee=-5V, Ta=25°C)
item Symbol Test conditions Test circuit Fig.| Min. Typ. Max. Unit
Pulse width tw Pins used PCX, PCY . tcf2 /2 nsec
Fig. 8-3 -5 +5
Delay time td PCX-Dn +5 +5 nsec

PCK

Fig. 8-2. Definition of td, tw
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vi v oA a2
0.8V -8 11Kt
=18V -0.8¢ L LM

s TS
Flg. 8-5.

Fig. 8-6. Fig. 8-7.
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9. Description of Operation

SBX1601A internally generates a clock which is 10 times higher in'frequency as that of parallel and locked to
the input parallel clock in terms of a built-in PLL and converts input parallel data into serial data.

To facilitate clock extraction at the receiving end, serial data is being scrambled. To eliminate data polarity it is
then converted to NRZI and output in differential form.

There is also a PLL lock detection circuit which enables the serial output circuit only when it is locked.

g-1 Phase Relation between Input Parallel Clock and Data

The phase relation between the parallel clock and data is shown in Fig. 8-1. Both clock and data are
differentially input.

Parallel clock and data are input so that the rising edge of PCX be at the center of the data. A clock of almost
the same phase as PCX is generated inside the IC to latch data inside the IC.

é

PCX (Input)

Data (Input) >< )(
PCK  (Output) w

Fig. 9-1. Phase relation between clock and data

9-2. Input Circuit Requirements

Parallel clock and data can be given either by ECL or TTL logic. With ECL input every X or Y input can be used
directly as an input for an ECL line receiver. To use with TTL input, Vce (Pin 29) shall be connected to +5V. A
fixed bias of +1.4V* shall be applied to PCY and DnY (n=0 to 9). TTL signals and its parallel clock shall be
provided through 1 K ohm resistors to each “X" input. Those 1kQ resistors are effective to minimize the influence
of the TTL input signals to the jitter characteristics of the serial output signal. For 8 bit data, maintain unused LSBs
to logical “0" state.

(* The fixed bias value can be higher, for example 2.5V in case of CMOS input).

SBX1601A

VCC PCX PCY Dox Doy DoX Doy

26
1K o= . +1.4V (for TTL)
T +2sv (for CMOS)

Parallel Parallel
\clock data /

TTL level Parallel signal

Fig. 9-2. Usage with TTL level input
-350-
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9-3. Clock Generation

Fig. 9-3. shows a block diagram of PLL, PLL lock detection and the serial output control . When TN1 (pin 35) is
set to “H” (connected to GND), the parallel clock input is disabled inside the IC. VCO turns to free run condition
and adjustment of the free run frequency becomes possible through FV (pin 33).

Reducing the value of the resistance put between FV and Vee lowers VCO oscillation frequency. Monitoring
oscillation frequency is made through PCK (pin 36) which gives 1/10 frequency of VCO output. When PLL is
locked, the phase of the PCK output coincides with that of the PCX input within a tolerance given. C-R time
constant connected to TN1 serve to turn off the paralleled clock temporarily in order to avoid mislock problem.,
When supply voltage goes below —4.3V approximately, the input parallel clock is automatically shut off to set VCO
free run frequency.

The selection of VCO oscillation frequency range is made by RSE (pin 28): “H” stands at 140 to 270MHz and at
“L*, at 100 to 145MHz.

TRP (Pin 33) is the output of the phase comparator. To minimize jitter component, a trap circuit consisting of a
series resonant circuit turned at the paraliel clock frequency in use is necessary.

PGX PCY TN{ TRP FV RSE PCK
n i 0 T F
r)o Phase Ll voo | 1710
comparator divider
L] 0 -
LST Q@ D
sSX
NRZ to
NRZ! peme{ Scrambler
S Y uuvel:iull
Serial clock

Fig. 9-3. PLL and serial output control block

9-4. PLL Lock Detection

LST signal is generated by latching the incoming parallel clock with the internal parallel clock which is 1/10 of
the VCO frequency. LST serves as the PLL lock detection signal. The LST also controls serial output. If paralle!
clock input is disabled by means of TN1, LST turns to “L" and serial output turns to OFF condition (SX (3): *H",
SY (4): L") as described in the preceding section.

The involvement of LST in the control of serial output makes it possible to switch off the serial output signal at
will by forcing the state of the input parallel clock to “L.".

-351-
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9-5. Sync Word Detection

To convert serial data back to parallel the receiving side, it is necessary to insert into the serial data some sort
of timing reference signat which provides means of identifying each of the parallel data word. In the SMPTE digital
interface format, it is called TRS (Timing Reference Signal).

TRS consists of following 3 words, 3FF, 000, 000 in the incoming order.

For details refer to SMPTE docs 125M and T14.224.

9-6. TRS Generation for 8 bit Data

Although the basic system works for 10 bit data, 8 bit data can be accepted using the upper 8 bits of SBX1601A
maintaining the lower 2 bits at logical “L" states as shown in Fig. 9-4.

SBX1601A
@ ~ @ DIX DIY DOX DOY

8 bit parallel data

Fig. 9-4. Usage of 8 bit data (ECL level)
Since the 8 bit TRS signal FF,00,00 is converted to 3FC,000,000 by the above agreement, within this particular
chip the conversion algorithm of 8 bit TRS to that of 10 bit is made in such a way that when two contiguous 000

words are detected at the parallel input the 2 LSBs of the preceding words are set to “1”s , which results in 3FF,
000, 000 as shown in Fig. 9-5.

Order of input

ffprm——
g 11 MSB 00 1
i1 0 01
! 0 01
1 0 01
Input data 51 00 1
1 » 00 1
o 1 0 01
0 1 00 1
) 84 0 0 0l
Fixed data ( r 0 LSB 0 0 :1;
Input parallel data Parallel data after conversion

Fig. 9-5. Conversion from 8 bit TRS to 10 bit TRS

Note) If more than 3 consecutive words of 000 in D1 standard, or 4 consecutive words 000 in D2 standards,
occur at the parallel input it does not meet the SMPTE T14.224 proposed standard thus no proper

operation is possible.
-352-
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9-7. Scrambler

Fig. 9-6 (a) shows a basic scrambler block showing the modulo-2 division by X9 + X4 +1. Fig. 9-6 (b) shows the
actual form of the serambler which is equivalent to (a) but fully pipelined.

v

S

Fig. 9-6 (a). X9+X4+1 scrambler

<

D5

Fig. 8-6 (b). Actual X9+X4+1 scrambler
9-8. NRZ to NRZI Conversion

To eliminate the signal polarity of scrambled data, conversion from NRZ to NRZI is employed.

Thanks to the nature of NRZI code, maintenance of the polarity of signal becomes unnecessary in design and
manufacturing of equipment.

Further, if a differential output is used as two separate signal sources, their spurious radiation components tend
to cancel out or lower to each other.

X%+ X4+ 1

Scrambler D1

Fig. 9-7. NRZ to NRZI conversion

-353-
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9-9. VCO Frequency Ad]ustment

VCO free-run frequency is adjusted generally at room temperature after the temperature of the IC reaches a
steady state (5 to 10 minutes after power supply is ON). First, set VCO to free-run condition either by connecting
TN1 node to ground or by maintaining parallel clock input (PCX) at logical “L" state. While monitoring PCK (Pin 36)
output, adjust the frequency within +1% of the desired parallel clock in terms of the variable resistor (VR1) shown

in Fig. 9-8.

SBX1601A

Fv TRP TN1 PCK
Q1 Frequency Monitor
P—b 1,—0
c1 Free run
10uF i’ L [testSwW |
VR1 10K L1 3 2K
r 22K

& - 9

Fig. 9-8. VCO control area

9-10. Compensation on VCO Temperature Characteristics

A diode-connected transistor Q1 shown in Fig. 9-8. is effective to improve some residual frequency variation
along the temperature change. Typical characteristics of the VCO are given in Fig. 9-9 (a) and 9-9 (b).

9-11. Jitter Trap

Since the internally generated serial clock is locked to the incoming parallel clock, there exists periodic jitter
components which are generated from the phase comparison process of the PLL. A serial resonant circuit (trap)
connected between TRP (Pin 34) and Vee tuned at the parallel clock frequency reduces effectively the
fundamental component of the jitter well below the specification ( £0.25nsec). Recommended values of C1 and L1

are given in Table 9-1.
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Standard D1 D2
Component PAL NTSC
Ci1 (PF) 150 240 300
Li (uH) 0.2 0.3 0.4

Table 9-1. Recommended values of the trap circuit

An important remark in a practical implementation is that TRP node is an input of a very sensitive
voltage-frequency converter (VCO) which can be easily disturbed by any pick-up noise.

Hence, the trap circuit should be carefully located and be kept as short as possible from the pin 34 in order to
avoid a noise problem.

10. Recommended Circuit

Fig. 10-1 (a) and 10-1 (b) show recommended circuit for ECL input and that of T TL respectively.
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RSE : "H"
300.00 7 [ 45¢C 25QC/S‘)C
280.00 E 65>/ //
g 260.00 __:_ ke /A///// B
} siom- /////,/
| o0 v i
5 15000 ] 7
160.00§ / / / / 4
s LN L L

0.80 0.90 1.00 1.10 1.20 1.30
FV pin voltage (V)

Test voitage frem VEE pin

Fig. 9-9 (a). VCO oscilliation frequency vs. FV pin voltage (High Rate)

45 P 25°C RSE: “L"
150.00 — 65C /
;. 85°C ////XL"C
g 14000 - 7
£ I/ [
§_ 130.00: V
S S
1 NS
£/
] 7
LS
0.90 1.00 1.10 1.20 1.30

FV pin voltage (V)
Test voitage from VEE pin

Fig. 9-9 (b). VCO oscillation frequency vs. FV pin voltage (Low Rate)
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30 21 - -
29 ~ . _l:ﬁ_g_l‘l_/p_ulll_ in_“; o 20 High pull in ¢
— —_ 19 '4‘___ SR SR
£ 2 Frea run
5; £ 18 -
-
P o
g g 16
iy il 15 ___._=: ........ -
14 ; i H
-15 5 25 45 65 85
Ambient temperature (°C) Ambient temperature (C)
(a) at270 Mb/sec (RSE="H") (b) at 177 Mb/sec (RSE="H")
18 - - ; 17 - -
17 === High pull in *—mm 16 “Hoh pal
g R B T g 1s : :
z 15 : ; : g2 14 ———
> P _Free run
£ 14 g 13 +
3 3 P | S S
g 13 g 12 Low pull in :
11 ' ' 10 ! : :
-i5 5 2% 45 65 85 ~-15 5 25 45 85 8%
Ambient temperature (°C) Ambient temperature (°C)
(c) at 143 Mb/sec (RSE="H") (d) at 143 Mb/sec (RSE=“L")

Fig. 9-10. Typlcal characteristics of pull-in range and free-run frequencies
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11. Markings

Markings and their meanings are as shown below.

SONY

SBX1601A _—
U
BN LOT NO.
) JAPAN

/Pin 1 marking \ Country of origin
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