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1  Scope

This standard specifies the digital representation of
the signal parameters of the 1125/60 high-definition
production system as given in their analog form by
ANSI/SMPTE 240M. 

This standard also specifies the signal format and the
mechanical and electrical characteristics of the bit-
parallel digital interface for the interconnection of digi-
tal television equipment operating in the 1125/60
high-definition production system.

2   Applications

The technical information provided in this standard
applies to origination, storage, interconnection, and
processing of digital 1125/60 high-definition produc-
tion system signals as they exist in studio production
and post-production environments.

3  Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions of

this standard. At the time of publication, the editions
indicated were valid. All standards are subject to
revision, and parties to agreements based on this
standard are encouraged to investigate the possibility
of applying the most recent edition of the standards
indicated below.

ANSI/SMPTE 240M-1995, Television — Signal Parameters
— 1125-Line High-Definition Production Systems

ITU-R BT.601-5 (1994), Studio Encoding Parameters
of Digital Television for Standard 4:3 and Wide-
Screen 16:9 Aspect Ratios

ITU-R BT.656-3, Interfaces for Digital Component
Video Signals in 525-Line and 625-Line Television
Systems Operating at the 4:2:2 Level of Recommen-
dation ITU-R BT.601 [Part A]

4  Digital encoding and format specifica-
tions for ANSI/SMPTE 240M analog signals

4.1  General considerations

This standard complements the technical specifica-
tions of the analog signals described in ANSI/SMPTE
240M.

The studies that resulted in this standard have taken
into account prior international technical agreements
on the digitization of television signals, as documented
in ITU-R BT.601 and 656. For ease of comparison, the
description of the bit-parallel interface follows the
same form as that in ITU-R BT. 656.

The digital coding is based on the use of one lumi-
nance, EY′, and two color-difference signals, ECB′,
and ECR′, or on the use of three primary color signals
EG′, EB′, ER′.
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EY′, ECB′, ECR′ are transmitted at the 22:11:11 level
of the ITU-R (CCIR) digital hierarchy for digital televi-
sion signals, with a nominal sampling frequency of
74.25 MHz for the luminance signal and 37.125 MHz
for each of the color-difference signals. EG′, EB′, ER′
signals are transmitted at the 22:22:22 level of the
ITU-R digital hierarchy with a nominal sampling
frequency of 74.25 MHz.

Provision is made for the coding of the ANSI/SMPTE
240M signals to a precision of 8 or 10 bits.

Technical information is given in annex A1) concerning
an example of filter characteristics for pre- and post-
filtering of the ANSI/SMPTE 240M signals.

This standard describes the bit-parallel digital inter-
face only. The complete specification of the bit-serial
interface requires further studies. However, in defining
the digital representation, consideration has been
given to making the signal format equally applicable
to the bit-serial interface.

The interface consists of one transmitter and one
receiver in a point-to-point connection.

The bits of the digital code words that describe the
video signal are transmitted in parallel using 10 con-
ductor cables (shielded twisted pairs) for each of the
component signals. Each pair carries bits at a nominal
sample rate of 74.25 Mwords/s. For the transmission
of EY′, ECB′, ECR′, the color-difference components
are time-multiplexed into a single signal ECB′/ECR′ of
74.25 Mwords/s.

The digital bit-parallel interface uses a 93 multipin
connector for transmission of EY′, ECB′, ECR′, or for
transmission of EG′, EB′, ER′, with 8- or 10-bit preci-
sion.

The connecting cable shall carry 31 shielded conduc-
tor pairs for transmission of EG′, EB′, ER′ signals or for
transmission of EY′, ECB′/ECR′ components and an
additional data stream (auxiliary channel). Twenty-
one shielded conductor pairs shall be used in the case
of EY′, ECB′/ECR′ transmission.

The digital video signals on the interface are transmit-
ted using shielded, balanced conductor pairs for dis-
tances up to 20 m (65.6 ft) without equalization (see
annex D).

The interface allows the transmission of ancillary data
that may be multiplexed into the data stream during
blanking intervals.

4.2  Encoding parameters

Table 1 specifies the encoding parameter values of
the digital representation of ANSI/SMPTE 240M
video signals.

4.2.1  Filtering characteristics

The spectral characteristics of the component video
signals must be restricted to eliminate aliasing. Vari-
ous filter designs can be used to accomplish this. One
example of such filtering characteristics, when using
EY′, ECB′, and ECR′ signals as defined in table 1, is
depicted in annex A, figures A.1 (for EY′) and A.2 (for
ECB′ and ECR′). When using EG′, EB′, ER′ signals, the
characteristics depicted in figure A.1 can be used.

4.2.2 Dynamic range of the analog signals and
their relationship to quantization levels

To ensure the proper digital acquisition of large
dynamic range signals from cameras (resulting from
creative exposure beyond nominal white level in the
viewed scene), the following relation between the
camera analog signal values and their quantized rep-
resentation shall be observed:

– an upper level of 700 mv and a black level of 0
mv shall correspond to the absolute maximum
(peak-whi te)  and min imum (b lack level)
ANSI/SMPTE 240M signal levels, respectively;

– the effects of camera highlight processing, such
as knee and slope characteristics, shall be included
within the aforementioned range;

– overshoot/undershoot effects caused by video
processing circuitry may exceed the above limits;

– the peak-white level of 700 mv shall correspond
to the quantization level 940 in a 10-bit system or
to level 235 in an 8-bit system;

– the black level (0 mv) shall correspond to level 64
in a 10-bit system or to level 16 in an 8-bit system.

1) The purpose of the annexes is to convey results of
studies on technical matters that relate to the process-
ing of digital signals described in this standard. They
also contain information on implementation examples
that should be regarded as technical guidelines for
equipment design.
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Table 1 — Encoding parameter values for digital representation of ANSI/SMPTE 240M signals

         Parameter           Value
Matrix formulas EY′, ECB′, ECR′

EG′, EB′, ER′
EY′, ECB′, ECR′ are derived from gamma corrected values
of EG, EB, ER as defined by the linear matrix specified in
ANSI/SMPTE 240M.

Number of samples per
line

Video components EY′  2200 EG′  2200

ECB′  1100 EB′  2200

ECR′  1100 ER′  2200

Auxiliary channel 2200

Sampling structure EG′, EB′, ER′ ,
luminance signal EY′,
auxiliary channel

Identical sampling structures – Orthogonal sampling,
line, field, and frame repetitive.

Color difference
signals (ECB′, ECR′)

Samples are co-sited with odd (1st, 3rd, 5th, ...) EY′
samples in each line.

Sampling frequency Video components EY′ 74.25 MHz EG′ 74.25 MHz

 The tolerance of the sam-
 pling frequency shall be
 ± 10 ppm.

ECB′ 37.125 MHz EB′ 74.25 MHz

ECR′ 37.125 MHz ER′ 74.25 MHz

Auxiliary channel 74.25 MHz

Form of encoding Uniformly quantized, PCM 8 or 10 bits per sample for
each of the video component signals and the auxiliary
channel.

Active number of samples
per line

Video components EY′ 1920 EG′ 1920

ECB′  960 EB′ 1920

ECR′  960 ER′ 1920

Auxiliary channel 1920

Timing relationship
between video data and
the analog synchronizing
waveform

The time duration between the end of active video (EAV)
timing reference code and the reference point 0H (see
figure 1) of the horizontal sync waveform is 88 clock
intervals.

Correspondence between
video s igna l levels and
quantization levels

8 bit system:  

EG′, EB′, ER′,
luminance signal EY′,
auxiliary channel

22 0  qu a n t i z a t i o n  l ev e l s  w i t h  t h e  b l a ck  l ev e l
corresponding to level 16 and the peak white level
corresponding to level 235.

Each color difference
signal (ECB′, ECR′)

225 quantization levels symmetrically distributed about
level 128, which corresponds to the zero signal.NOTE — These values refer to

precise nominal video signal
levels. Signal processing may
occasionally cause the signal
level to deviate outside this
range.

10 bit system:

EG′, EB′, ER′, 
luminance signal EY′,
auxiliary channel

87 7  qu a n t i z a t i o n  l ev e l s  w i t h  t h e  b l a ck  l ev e l
corresponding to level 64 and the peak white level
corresponding to level 940.

Each color difference
signal (ECB′, ECR′)

897 quantization levels symmetrically distributed about
level 512, which corresponds to the zero signal.

Quantization level
assignment

8-bit system 254 of the 256 levels (digital levels 1 through 254) of the
8-bit word shall be used to express quantized values.
Data levels 0 and 255 shall be reserved to indicate timing
references.

NOTE — These values refer to
precise nominal video signal
levels. Signal processing may
occasionally cause the signal
level to deviate outside this
range.

10-bit system 1016 of the 1024 levels (digital levels 4 through 1019) of
the 10-bit word shall be used to express quantized
values. Data levels 0 to 3 and 1020 to 1023 shall be
reserved to indicate timing references.

SMPTE 260M-1999
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Figure 1 – Data format and timing relationship to analog ANSI/SMPTE 240M waveform
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4.3  Common signal format for digital interfaces

4.3.1 General description

The digital interface provides a unidirectional inter-
connection between a single source and a single
destination. A signal format common to both parallel
and serial interfaces is described below. The data
signals shall be in the form of binary information coded
in 8- or 10-bit words. These signals are:

– video data;
– timing reference codes;
– ancillary data;
– identification codes.

The characteristics of the data word at the interface
shall be based on the assumption that the location of
any required sin(x)/x correction is at the point where
the digital signal is converted to an analog format.

4.3.2  Video data

4.3.2.1 Coding characteristics

The video data are in compliance with ANSI/SMPTE
240M and with the field blanking definition shown in
table 2.

4.3.2.2  Video data format

For a 10-bit system, the data levels 0 to 3 and 1020
to 1023 (000h to 003h and 3FCh to 3FFh in the hexa-
decimal representation) shall be reserved for timing
identification purposes. Consequently, data levels 4
through 1019 (004h through 3FBh) shall be used to
express quantized signal values.

For an 8-bit system, data levels 0 and 255 (00h and
FFh) shall be reserved to indicate timing references.
Digital levels 1 through 254 (01h through FEh) shall
be used to represent quantized signal values.

The video data words shall be conveyed across the
digital interface using multiple bit-parallel channels;
luminance EY′ and time-multiplexed color-difference
signal ECB′/ECR′ or the three primary color signals
EG′, EB′, ER′. Each parallel channel consists of 8 or
10 bits and the transmission rate shall be 74.25
Mwords/s. Co-sited samples of the two color-differ-
ence signals shall be time-multiplexed in the order
ECB′ and ECR′.

4.3.2.3  Timing relationship between video data
and the analog synchronizing waveform

4.3.2.3.1  Line interval

Figure 1 depicts the timing relationship between the
digital video and the analog line sync waveform. The
digital active line shall begin 192 clock periods after
the rising edge of the analog, tri-level, line sync pulse
(the zero crossing point is labelled 0H in figure 1). The
precise timing shall be specified between half-ampli-
tude points. Lines shall be numbered from 1 through
1125 as shown in figures 2A and 2B.

4.3.2.3.2  Field interval

The start of the digital field shall be determined by the
position specified by the start of the digital line. The
digital field shall start coincident with the end of active
video (EAV) timing reference code of the lines indi-
cated in table 2. Field blanking in the digital interface
shall be in full-line increments.

4.3.2.4 Video timing reference codes (SAV, EAV) 

There shall be two timing reference codes, one at the
beginning of each video data block (start of active
video, SAV) and another at the end of each video data
block (end of active video, EAV). These codes are
shown in figure 1. The timing reference codes shall be

Table 2 — Field interval definition

V: Digital field blanking

Field 1 Start
(V=1)

Line 1121

Finish
(V=0)

Line 41

Field 2 Start
(V=1)

Line 558

Finish
(V=0)

Line 603

F: Digital field identification

Field 1 F = 0 Line 1

Field 2 F = 1 Line 564

NOTES
1  Signals F and V shall change state synchronously
with the end of active video (EAV) timing reference
code, at the beginning of the digital line.
2 Definition of line numbers is given in ANSI/SMPTE
240M. Digital line numbers shall change state prior
to the horizontal timing reference point (0H), as
shown in figure 1.

SMPTE 260M-1999
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Figure 2A – First digital field (F = 0)
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Figure 2B – Second digital field (F=1)
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contiguous with the video data, when present, and
continue through the field blanking interval. The SAV
and EAV codes shall be the digital interface line
synchronization signals and shall be carried on every
line by all component signals, namely, EY′, ECB′, ECR′,
and EG′, EB′, ER′. The interval starting at EAV and
ending with SAV shall be the digital line blanking
period as shown in figure 1.

Each timing reference code shall consist of a four-
word sequence in the following format for a 10-bit
system: 3FFh, 000h, 000h, XYZh (in hexadecimal no-
tation). The first three words shall be a fixed preamble.
The fourth word contains information defining:

– field 2 identification;
– state of field blanking;
– state of line blanking.

The assignment of bits within the timing reference
codes shall be as shown in table 3.

For an 8-bit system, the bits of each timing reference
word are selected starting from the MSB of each of
the words specified in table 3 (note that FFh and 00h
are reserved for use in timing reference codes).

Bits P0, P1, P2, and P3 in table 3 have logic values
that depend on the states of bits F, V, and H and are
shown in table 4. At the receiver this arrangement
permits one-bit errors to be corrected and two-bit
errors to be detected.

4.3.2.5  Ancillary data

NOTE — The precise location of the ancillary data blocks
and the coding of words 3, 4, and 5 (see figure 3) requires
further study.

Table 3 — Video timing reference codes

Bit Number

Word 9
(MSB) 8 7 6 5 4 3 2 1 0

(LSB)

 First 1 1 1 1 1 1 1 1 1 1

 Second 0 0 0 0 0 0 0 0 0 0

 Third 0 0 0 0 0 0 0 0 0 0

 Fourth 1 F V H P3 P2 P1 P0 0 0

F= 0 during field 1
  1 during field 2

V= 0 elsewhere
   1 during field blanking

H= 0 in SAV
   1 in EAV

 NOTES 
 1  P0, P1, P2, P3: protection bits (see table 4).
 2  MSB: most significant bit.
 3  LSB: least significant bit.
 4  Table 2 defines the logic state of the V and F bits.

Table 4 — Protection bits for SAV and EAV

Bit No. 9 8 7 6 5 4 3 2 1 0

Function 1
Fixed F V H P3 P2 P1 P0 0

Fixed
0

Fixed

0 1 0 0 0 0 0 0 0 0 0

1 1 0 0 1 1 1 0 1 0 0

2 1 0 1 0 1 0 1 1 0 0

3 1 0 1 1 0 1 1 0 0 0

4 1 1 0 0 0 1 1 1 0 0

5 1 1 0 1 1 0 1 0 0 0

6 1 1 1 0 1 1 0 0 0 0

7 1 1 1 1 0 0 0 1 0 0

SMPTE 260M-1999
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Ancillary data may be inserted synchronously into the
video/data multiplex during the blanking intervals at a
rate of 74.25 Mwords/s. Figure 3 shows the configu-
ration of the ancillary data block. It shall consist of the
ancillary timing reference signal code (ANC) and the
data field. The word length of both the code and the
data is 10 bits.

Small blocks of data, less than (or equal to) 272 words
in total length, including the ANC sequence (as de-
scribed below) may be carried within the line blanking
period of each video component on every line (follow-
ing the EAV timing reference code).

For the luminance EY′ and EG′, EB′, ER′ channels,
large blocks of data, up to 1920 words in total length
(including the ANC sequence), may be carried within
the interval starting with the end of SAV and terminat-
ing with the beginning of EAV, on the 90 lines con-
tained in the digital field blanking periods. The
time-multiplexed ECB′/ECR′ channel may also provide
1920 words of transmission capacity for each of these
lines. Ancillary data may be optionally carried in the

active portion of any of the other lines that comprise
the field interval.

4.3.2.5.1  Ancillary data signal format

Further studies are needed for a final decision on the
signal format of the ancillary data.

4.3.2.5.2  Timing reference signal for ancillary
data (ANC)

Each ancillary data block shall be preceded by the
ancillary timing reference signal code (ANC), shown
in figure 3.

The first three words shall be a fixed preamble. The
fourth word, noted as “TTT,” shall contain data identi-
fication codes which will be determined at a future
time as part of the studies required to complete the
specification of the ancillary data signal format. Words
4 (MMM) and 5 (LLL) shall contain either the line
number or the data word count. When ANC is used to
transmit the video line number, the line number shall
be carried by the two words shown as “MMM” and

Figure 3 — Ancillary data block

NOTE – “Word count” shall specify the length of the data field and shall lie in the range 1 – 1914. If word TTT
indicates a video line number then D11 to D0 shall contain the binary equivalent of the line number and the word
count shall be zero. The ancillary blocks may be transmitted when time is available during line or field blanking
following the EAV timing reference code.
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“LLL” and no ancillary data shall follow. Each word
shall consist of six bits of data and a parity bit (odd
parity). The two least significant bits and bit 9 shall be
set to zero. ANC can occur multiple times per line
period if different blocks of data are carried. The ANC
and its associated data block shall not occupy the
intervals reserved for EAV, SAV, or active video.

4.3.2.6  Data transmission during blanking inter-
vals

In an 8-bit system, the data words occurring during
digital blanking intervals, that are not used for the
timing reference codes SAV, EAV, and ANC or for
ancillary data, shall be filled with the sequence 10h,
10h, . . ., which corresponds to the blanking level of
the luminance EY′ (or EG′, EB′, ER′) or 80h, 80h, . . .,
which corresponds to the blanking level of the time-
multiplexed color-difference signals ECB′/ECR′.

In a 10-bit system, the digital blanking intervals are
filled with the sequence 040h, 040h, . . ., which corre-
sponds to the blanking level of the luminance EY′ (or
EG′, EB′, ER′) or 200h, 200h, . . . , which corresponds
to the blanking levels of the time-multiplexed color-dif-
ference signals ECB′/ECR′.

5  Bit-parallel interface

5.1  General description of the interface

This section specifies a bit-parallel digital interface for
the interconnection of digital television equipment
operating in the production system specified in
ANSI/SMPTE 240M.

5.1.1  EY′, ECB′, ECR′ system

The bits of the digital code words that describe the
signal, which consists of the luminance EY′ and two
time-multiplexed color-difference components
ECB′/ECR′, shall be transmitted in parallel by means
of 8 or 10 shielded conductor pairs for each of the
components. Each conductor pair shall carry a stream
of bits at a rate of 74.25 Mwords/s. The conductor
pairs may also carry ancillary data that may be time-
multiplexed into the data stream during video blanking
intervals. An additional conductor pair shall carry a
synchronous clock signal at 74.25 MHz.

The signals on the interface shall be transmitted using
balanced conductor pairs for a distance of up to 20 m
(65.6 ft) without equalization (see annex D).

The digital bit-parallel interconnection uses a 93 multi-
pin connector equipped with a locking mechanism
(see 5.5.3). The interface shall consist of one trans-
mitter and one receiver in a point-to-point connection.

The bits of the data word (8 or 10 bits) shall be denoted
as data YD0 to data YDn for luminance and data CD0
to data CDn for the multiplex color-difference signals.
The entire word is designated as data YD(0—n) and
data CD(0—n). Data YDn and data CDn shall be the
most significant bit (n = 7 or n = 9).

Video data shall be transmitted in NRZ form, in real
time (unbuffered), and in blocks, each block compris-
ing one active line.

5.1.2  EG′, EB′, ER′ system

The bits of the digital code words that describe the
EG′, EB′, ER′ components shall be transmitted in
parallel by means of 8 or 10 shielded conductor pairs.
Each conductor pair shall carry a stream of bits at a
rate of 74.25 Mwords/s. The conductor pairs may also
carry ancillary data that shall be time-multiplexed into
the data stream during video blanking intervals. An
additional conductor pair shall carry a synchronous
clock signal at 74.25 MHz.

The signals on the interface shall be transmitted using
balanced conductor pairs for a distance of up to 20 m
(65.6 feet) without equalization (see annex D).

The digital bit-parallel interconnection shall use a 93
multipin connector equipped with a locking mecha-
nism (see 5.5.3). The interface shall consist of one
transmitter and one receiver in a point-to-point con-
nection.

The bits of the data word (8 or 10 bits) shall be denoted
as data GD0, BD0, RD0 to data GDn, BDn, RDn for
the EG′, EB′, ER′ signals respectively. The entire word
is designated as data GD(0—n), BD(0—n) and
RD(0—n). Data GDn, BDn, and RDn shall be the most
significant bit (n = 7 or n = 9).

Video data shall be transmitted in NRZ form, in real
time (unbuffered), and in blocks, each block compris-
ing one active line.

5.2  Data signal format

The recommended data format is described in 4.2 and
4.3.

SMPTE 260M-1999
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5.3  Clock signal

5.3.1  General description

The clock signal shall be a 74.25 MHz square wave
in which the low level to high level transition shall
represent the data transfer timing (see figure 4). This
signal shall have the following characteristics:

– Clock pulse width (t) = 6.734 ns ± 1.5 ns;
– Clock jitter — The peak-to-peak jitter between
rising edges shall be within ± 0.5 ns of the average
time of the rising edge computed over one field.

NOTE – All digital signal time intervals are specified at the
half-amplitude points. All transitions are specified between
the 20% and 80% amplitude points.

5.3.2 Clock to data timing relationship

The positive transition of the clock signal shall occur
midway between data transitions as shown in figure 4.

5.4  Electrical characteristics of the interface

5.4.1  General description

For the transmission of a luminance EY′, and the
time-multiplexed color-difference signal ECB′/ECR′,

the interface shall have 21 balanced signal pairs
(along with their corresponding line drivers and receiv-
ers) . For the transmission of EG′, EB′, ER′, or EY′,
ECB′/ECR′, and the auxiliary channel, the interface
shall have 31 balanced signal pairs.

Each line driver (source) shall have a balanced output
and the corresponding line receiver (destination) shall
have a balanced input (see figure 5).

Although the use of ECL technology is not specified,
the line driver and receiver shall be ECL compatible;
i.e., they shall permit the use of standard ECL (10KH
series) for either or both ends.

Each parallel channel of the interface shall have 10
balanced signal pairs. In the case of an 8-bit system,
the 8 most significant pairs shall be used with the LSB
and second LSB of the 10-bit word connected to logic
zero at the source, and terminated to the line imped-
ance (110 ohms) at the destination.

5.4.2  Signal convention

The signalling polarity of the voltage appearing across
the interconnecting cable shall be positive binary and
defined as follows (refer to figure 5):

– The A terminal of the line driver shall be negative
with respect to the B terminal for a binary 0 (low)
state;
– The A terminal of the line driver shall be positive
with respect to the B terminal for a binary 1 (high)
state.

Line frequency, fh = 33.75 kHz (nominal)

Clock period, T= 1/(2200 fh) = 13.468 ns (nominal)

Clock pulse width, t =  6.734 ns ± 1.5 ns

Data timing (sending end), td =  6.734 ns ± 1.0 ns

Figure 4 - Clock to data timing
(at sending end)

Figure 5 - Line driver and receiver
interconnection
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5.4.3  Line driver characteristics (source)

5.4.3.1  Output impedance

The line driver shall have a balanced output with a
maximum impedance of 110 ohms.

5.4.3.2  Common mode voltage

The average of the voltages on the two terminals of
the line driver shall be –1.29 V ±  15% with reference
to the ground terminal.

5.4.3.3  Signal amplitude

The generated signal shall lie between 0.6 V peak to
peak and 2.0 V peak to peak, measured across a 110-
ohm resistor connected to the output terminals without
any transmission line.

5.4.3.4  Rise and fall times

Rise and fall times shall be no greater than 2.0 ns
measured between the 20% and the 80% amplitude
points across a 110-ohm resistive load. The difference
between rise and fall times shall not exceed 1.0 ns.

5.4.4  Line receiver characteristics (destination)

5.4.4.1  Terminating impedance

The cable shall be terminated by 110 ohms ±  10
ohms.

5.4.4.2  Maximum input signal

The maximum input signal shall be 2.0 V peak to
peak.

5.4.4.3  Minimum input signal 

The receiver shall require a differential input voltage
of no more than 185 mV peak to peak to correctly
attain the intended binary state. However, the line
receiver must sense correctly the binary data when a
random data signal produces the conditions repre-
sented by the eye diagram shown in figure 6, at the
data detection point.

5.4.4.4  Maximum common mode signal

The receiver shall operate correctly in the presence
of common mode noise (comprising interference in
the range 0 kHz to 33 kHz with both terminals to
ground) having a maximum amplitude of  0.3 V.

Figure 6 – Idealized eye diagram corresponding to the minimum input signal level

NOTE – Cable response losses, frequency response characteristics of the interface electronics, propagation delay skew,
data source timing skew, and clock jitter all affect reliable detection of received data and must be taken into account in system
timing margin considerations. Figure 6 assumes 2.5 ns propagation skew, 1.0 ns data source skew, and 0.5 ns clock jitter to
show the minimum eye opening of 2 × Tmin, due only to frequency characteristics of the cable and interface electronics. In this
case, the total system timing margin goes to zero. Background information about timing issues can be found in annex E.
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5.4.4.5  Differential delay

Data shall be correctly sensed when the relative dif-
ferential delay between the received clock and the
received data is in the range of 4 ns (see figure 6).

5.5  Mechanical characteristics – Connector and
cable structure

5.5.1  Outline of connector and cable

The specification of a twisted-pair, multichannel cable
and a 93-pin connector, which shall be used for the
bit-parallel transmission at 74.25 Mwords/s of the
component signals described in this standard, are
given below:

5.5.2  Interconnecting cable

The multichannel cable shall consist of a multitude of
twisted pairs with individual shields. The nominal
characteristic impedance of each twisted pair shall be
110 ohms (to comply with the specifications given in
5.4.3 and 5.4.4).

Depending on the type of application, there are two
types of interconnecting cables. They are described
in table 5.

5.5.2.1  Cable length

The interconnecting cable shall be for use in indoor
environments where the physical length of the cable
is up to a maximum of 20 m (65.6 ft) (see annex D).
Within this range, the transmitted digital data shall be
correctly detected satisfying the conditions of the eye
diagram of figure 6, without the need for equalization
of the cable characteristics. Cable with reduced differ-
ential delay (compared to the example value specified

in annex D) can be used for longer transmission
distances.

5.5.2.2  Cable structure

The multichannel cable shall consist of either 21 or 31
twisted pairs of conductors with individual shielding of
each pair.

The optimum cable shall be one constructed to mini-
mize the differential delay between any two conductor
pairs.

The cable shall contain an overall shield, to minimize
radiation (EMI), carried through the cable assembly
and connectors via the cable shield and the connector
body at each end.

5.5.3  Connector characteristics

5.5.3.1  Connector description

The connector specified in this clause shall be a 93-
pin, multipin connector.

The cable assembly shall be provided with connectors
containing pin contacts at both the sending end and
receiving end of the cable.

Each source equipment shall be provided with a re-
ceptacle connector containing socket contacts for the
digital components generated by the equipment. Each
receiver equipment shall be provided with a recepta-
cle connector containing socket contacts for the digital
components received by the equipment.

Figures 7, 8, and 9, respectively, show the mechanical
drawings and dimensions of the multipin connector
(plug), the multisocket connector (receptacle), and the
connector metal hood and locking mechanism.

Table 5 — Description of multichannel cable

21-pair multichannel cable 31-pair multichannel cable 31-pair multichannel cable

EY′, ECB′/ECR′  EG′, EB′, ER′ EY′, ECB′/ECR′ and auxiliary channel

EY′ 74.25 Mword/s
10-bit parallel EG′ 74.25 Mwords/s

10-bit parallel EY′ 74.25 Mwords/s
10-bit parallel

ECB′/ECR′ 74.25 Mword/s
10-bit parallel EB′ 74.25 Mwords/s

10-bit parallel ECB′/ECR′ 74.25 Mwords/s
10-bit parallel

Clock 74.25 MHz ER′ 74.25 Mwords/s
10-bit parallel Auxiliary channel 74.25 Mwords/s

10-bit parallel

Clock 74.25 MHz Clock 74.25 MHz
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Figure 7 – 93-pin multipin connector (plug)
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Figure 8 – 93-pin multipin socket connector (receptacle)

S
M

P
T

E
 260M

-1999

P
age 15 of 29 pages



Figure 9 – 93-pin multipin connector hood
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Table 6 – Bit-parallel interface pin assignments
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5.5.3.2  Connector contact assignment

The 93 pin/socket connector shall be used with either
the 21-pair or the 31-pair multichannel cables. These
cables are described in 5.5.2. The pin/socket assign-
ment for both types of cable shall be as given in table 6.

In the case of transmission of EY′, time-multiplexed
ECB′/ECR′ components and auxiliary channel (with
either 8 or 10 bits), the ECB′/ECR′ multiplexed signal
shall be carried on the pins specified for the red
component; i.e., pins 54 through 63 for the data
signals (terminal A in figure 4) and 84 through 93 for
the return signals (terminal B in figure 4). The bits
describing the auxiliary channel (e.g., a key or alpha
signal) shall be carried on those pins specified for the
blue channel; i.e., pins 12 - 16 and 49 - 53 for the data
signals and 44 - 48 and 79 - 83 for the return signals.

The shield for each conductor pair shall use the
ground pin located between the pins for that signal
pair in table 6 (e.g., pin 17 shall be used for the shield
of the clock signal).

5.5.3.3  Cable connector assembly

The structure of cable and equipment connectors
shall be as shown in figure 10.

The individual signal and shield wires of the multi-
channel cable should be connected to pin contacts by
pressure. Deviation in cable lengths between twisted
pairs of the cable assembly shall be minimized in
order to prevent data skew due to differential delays.

The structure of the connector hood prevents unnec-
essary radiation of electromagnetic interference.

The overall shield of the multichannel cable shall be
electrically connected to the connector hood. The
connector hood, in turn, shall be grounded to the
frame of the equipment. The shield wire of each
twisted pair shall be grounded to the system ground
of the equipment through a pin contact.

5.5.3.4  Connector locking mechanism

There shall be electrical conduction between the overall
cable shield and the connector hood and equipment
frame.

The cable connectors shall be provided with two M4
mounting screws and the equipment connectors shall
be provided with two M4 female threaded sockets.

Figure 10 – Cable connector assembly
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Annex A (informative)
Pre-and post-filtering characteristics

Figures A.1 and A.2 depict examples of filter characteristics
for pre- and post-filtering of EY′, EG′, EB′, ER′ and for ECB′,
ECR′ component signals respectively.

The following points have been taken into account in the
design of these filter templates:

– The passband frequency of the component signals
c o m pl ie s  w i th  t h e sp e c i f ica t i on s  o f  AN SI / SM PT E
2 4 0M :   E G ′ ,  E B ′ ,  E R ′  a n d  l u m i n a n ce  E Y ′  =  3 0
M H z ;  ECB′ ,  ECR ′  = 15 MHz;

– The value of the amplitude ripple tolerance in the
passband is 0.1 dB peak to peak, for both the luminance
and color-difference components;

– The insertion loss characteristics of the filters are
scaled up versions (5.5 times) of the characteristics of
ITU-R BT.601. There is an attenuation of more than 12
dB at the frequency of 37.125 MHz for the EY′, EG′, EB′,
ER′ components and an attenuation of more than 6 dB at
18.5625 MHz for the color-difference components ECB′,
ECR′.

The filter templates also show the following attenuation
values:

40 dB attenuation   EY′, EG′, EB′, ER′  at 44.25  MHz
          ECB′,  ECR′     at 22.125 MHz
50 dB attenuation  EY′, EG′, EB′       at 54.25  MHz
                    ECB′, ECR′        at 27.125 MHz

The group-delay tolerance in the passband is specified as
follows:

EY′, EG′, EB′, ER′ 2 ns peak to peak (up to 20 MHz)
         3 ns peak to peak (20 to 30 MHz)
ECB′, ECR′      2 ns peak to peak (up to 10 MHz)
            3 ns peak to peak (10 to 15 MHz)

In ITU-R BT.601, the group-delay tolerance is specified as
follows:

EY′, EG′, EB′, ER′   2 ns to  6 ns peak to peak
ECB′, ECR′         4 ns to 12 ns peak to peak.

The specifications for group-delay in the filters are suffi-
ciently tight to produce good performance while allowing the
practical implementation of the filters.
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Figure A.1 — Filter specification for luminance E Y′ or E G′, EB ′, ER′ signal 
when using a sampling frequency of 74.25 MHz
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Figure A.2 — Filter specification for color-difference signals
when using a sampling frequency of 37.125 MHz
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Figure  B.1 — Timing relationship between production aperture and clean picture
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Annex B (informative)
Production aperture issues

B.1  Production aperture
 
A production aperture for the digital signal defines an active
picture area of 1920 pixels by 1035 lines, produced by signal
sources conforming to ANSI/SMPTE 240M such as cam-
eras, telecines, digital videotape recorders, and computer
generated pictures. This digital standard recommends that
all of this video information be carefully produced, stored,
and properly processed by subsequent digital studio equip-
ment. In particular, digital blanking in all studio equipment
should rigorously conform to this specified digital production
aperture.

B.2  Analog blanking tolerance

The width of the maximum active analog video of the signal
described in ANSI/SMPTE 240M is defined by the 1920
clock periods. This value is measured at the 50% points of
the analog video signal. However, the analog blanking
period can differ from equipment to equipment and the
digital blanking may not coincide with the analog blanking
in actual implementation.

To maximize the active video in picture origination sources,
it is desirable to have analog blanking match digital blank-
ing. However, recognizing the need for reasonable toler-
ance in implementation, analog blanking may be wider than
digital blanking (see figure B.1).

To accommodate a practical implementation of analog
blanking within various studio equipment, a horizontal re-
gion of 6 clock periods (or 80 ns) is introduced at the start
and end of active video.

This analog blanking tolerance window introduces the fol-
lowing tolerance to parameters “b” and “e” of figure 1(c)
shown in ANSI/SMPTE 240M.

The relationship of the associated analog representation
(inclusive of this tolerance) with the production aperture is
shown in figure B.1.

B.3  Transient regions

ANSI/SMPTE 240M precisely defines a picture aspect ratio
of 16:9 with 1920 pixels per active line and 1035 active lines.
However, digital processing and associated spatial filtering
can produce various forms of transient effects at picture
blanking edges and within adjacent active video that should
be taken into account to allow practical implementation of
this standard.

Among the factors that can contribute to such effects, the
following describes some of the more important:

– bandwidth l imitation of component analog signals
(most noticeably, the ringing of color-difference signals);
– analog filter implementation;
– amplitude clipping of analog signals due to the finite
dynamic range imposed by the quantization process;
– use of digital blanking in repeated analog-digital-ana-
log conversions;
– tolerance in analog blanking.

In order to accommodate realistic tolerances for analog and
digital processes during post-production operations, the fol-
lowing information is given in the form of a technical guide-
line.

B.4  Clean aperture

It is recognized that the bandwidth limitation of an analog
signal (pre- and post-filtering) can introduce transient ring-
ing effects which intrude into the active picture area. Also,
multiple digital blanking operations in an analog-digital-ana-
log environment can increase transient ringing effects. Fur-
thermore, cascaded spatial filtering and/or techniques for
handling the horizontal and vertical edges of the picture
(associated with complex digital processing in post-produc-
tion) can introduce transient disturbances at the picture
boundaries, both horizontally and vertically. It is not possi-
ble to impose any bounds on the number of cascaded digital
processes which might be encountered in the practical post-
production system. Hence, recognizing the reality of those
picture edge transient effects, the definition of a system
design guideline is introduced in the form of a subjectively
artifact-free area called clean aperture.

The concept of a clean aperture defines an inner picture
area within which the picture information is subjectively
uncontaminated by all edge transient distortions. This clean
aperture should be as wide as is needed to accommodate
cascaded digital manipulations of the picture. Computer
simulations have shown that a transient effect area defined
by 16 samples on each side and 9 lines at both top and
bottom within the digital production aperture, would repre-
sent an acceptable (and practical) worst case level of pro-
tection in allowing two-dimensional transient ringing to
settle below a subjectively acceptable level.

This gives rise to a possible picture area, the clean aperture,
of 1888 horizontal active pixels by 1017 active lines within
the digital production aperture, whose quality is guaranteed
for final release (see figure B.2).

Figure B.2 – Production and clean apertures

Parameter Definition Nominal value Tolerance

  “b” End of active
video

 1.185 µs –0.000,
+0.080 ms

  “e” Start of active
video

 2.586 µs –0.000,
+0.080 ms
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Annex C (informative)
Electrical characteristics of the interface

C.1 Clock signal

The following information relates to the selection of the
parameters that specify the electrical characteristics of the
parallel digital interface described in this standard. These
characteristics are described following the presentation
style of ITU-R BT. 656 for ease of comparison of the parameter
values.

C.1.1 Width (6.734 ns ± 1.5 ns)

The specification 6.734 ns ± 1.5 ns has been decided taking
into consideration the following points:

1) The maximum pulse width (tmax) and the minimum pulse
width (tmin) of the clock have been calculated using accept-
able tolerances on the rise (tr) and fall (tf) time of the ECL
10KH series (see figure C.1 and note 4).

2) It is desirable that the tolerance of the pulse width be set
as small as possible to avoid shifting of the clock phase that
could be caused by using cable with degraded frequency
characteristics.

3) It is desirable that the clock waveform be generated not
only from an oscillator of double frequency followed by a
frequency divider, but also from a fundamental frequency
oscillator. There is an example in practical use of the funda-
mental frequency oscillation technique whose duty factor is
(50 ± 5)%. The corresponding tolerance becomes 13.468 ns
× (±5%) =  ± 0.67 ns. Thus the total tolerance is obtained by
adding this and the value in 1) above.

C.1.2  Jitter ( ± 0.5 ns)

In consideration of the following, the specification value of
± 0.5 ns has been recommended.

1) Any possible disturbances to the variable frequency os-
cillator as well as any disturbances caused by the shaping
of the ECL signal waveform should be considered.

2) The external synchronizing signal should be sufficiently
stabilized; its variation should not be included in the jitter
specification.

C.1.3  Data timing (6.734 ns ± 1.0 ns)

The specification 6.734 ns ± 1.0 ns has been decided taking
into account the following conditions:

1) After latching, each word of the data sequence is trans-
mitted from the output terminal of an ECL 10KH line driver.
The clock signal is transmitted in the same manner, but only
after passing through a constant delay line. The duration of
this delay consists of the typical propagation delay of the
latch in use plus a fixed time of 6.734 ns.

2) The time delay tolerance is defined as the sum of the
tolerances listed below:
 – Propagation delay of the latches used
 – Propagation delay of line drivers
 – Delay time of the delay line for the clock signal
The time delay tolerance includes variations caused by
temperature drifts and hardware setting.

  

 t0 =  1/2 period of the clock

 tpd =  propagation delay of the latch

 Tdopt =  optimum clock time-delay

Figure C.2 – Timing characteristics between clock and data

    t0  =  1 / 2 period of the clock
    tmax =  t0 + (tfmax/2) – (trmin/2)
           =  t0 + (1.7/2) – (0.5/2)
           =  t0 + 0.6 ns
       tmin =  t0 + (tfmin/2) – (trmax/2)
           =  t0 + (0.5/2) – (1.7/2)
           =  t0  – 0.6 ns

Figure C.1 — Clock pulse width
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3) A faster ECL device, like MC10E151, can provide a
propagation delay in the order of 0.47 ns to 0.8 ns. Hence,
the tolerance can be calculated to be  0.17 ns.

4) The propagation delay of a line driver device (ECL 10KH
family), such as MC10H116, can be found distributed in the
range of 0.4 ns to 1.45 ns. The tolerance can then be
calculated to be ± 0.53 ns.

5) The variations in time delay for the delay line used for the
clock signal can be found to be less than ± 0.1 ns.

6) The maximum to le ra nce is  the re fore ca lcu la ted to
be ± 0.8 ns, which is less than the value adopted in this
standard for the total tolerance; i.e., ± 1.0 ns.

7) In practice, ECL devices from the 10KH family can be
used to satisfy the total tolerance specification of ± 1.0 ns.
This is because the delay variations found in latch devices
of this ECL family do not experience large time delays (see
figure C.2).

C.2  Line driver characteristics (source)

C.2.1  Output impedance (110 ohms max)

The value 110 ohms has been chosen in conformity with the
characteristic impedance of the cable to be connected. From
the viewpoint of waveform transmission, the use of a series
termination might be desirable, where the resistor value to
be inserted depends on the electrical characteristics of the
output circuit of the sending end. However, this has been
specified with only the maximum value to maintain a suffi-
cient noise immunity of the system. This specification is the
same as ITU-R BT.656.

C.2.2  Common mode voltage (–1.29 V  ±  15%)

This has been specified considering the range of common
mode voltage that may appear at the output of the device,
and which is derived from the output characteristics of ECL
10KH (see note 1). The value is the same as that in ITU-R
BT. 656.

C.2.3  Signal amplitude (0.6 V to 2.0 V peak to peak)

The minimum signal amplitude has been specified with the
minimum value that can be obtained from the ECL 10KH
driver (see note 2).

The maximum signal amplitude has been specified with the
maximum value that the ECL 10KH receiver can accept. The
allowable range of input common mode voltage for ECL
10KH is -2.85 V to -0.8 V. In the worst case, under the
maximum common mode voltage of -0.8 V and the maximum
signal amplitude of 2.0 V peak to peak, the input voltage at
the receiver could become +0.2 V, which exceeds the allow-
able maximum input voltage of ECL. However, it has been
confirmed through measurements that this does not cause
any problems. The maximum signal amplitude of 2.0 V peak
to peak is the same as that in ITU-R BT. 656.

C.2.4  Rise and fall times (less than 2.0 ns)

The ECL reference (10KH series) guarantees this specifica-
tion even in the worst case.

C.2.5  Difference between rise and fall times (not to exceed
1.0 ns)

Based on the values shown in note 3, the maximum differ-
ence between rise and fall times is calculated to be 1.2 ns
in the extreme case. Measurements have confirmed, how-
ever, that all differences in rise and fall times were not more
than 1.0 ns.

C.3  Line receiver characteristics

C.3.1  Terminating impedance (110 ohms ± 10 ohms)

The value has been chosen in conformity with the charac-
teristic impedance of the cable. The same value as ITU-R
BT.656 is taken for the tolerance.

C.3.2  Maximum input signal (2.0 V peak to peak)

This has been set within the range in which the receiver
(ECL 10KH) can operate without any problem, even when
the input voltage of the receiver exceeds the maximum input
rating specified by the ECL reference (see C.2.3). The value
is the same as that in ITU-R BT.656.

C.3.3  Minimum input signal (183 mV peak to peak)

Considering the input-output characteristics of the ECL line
receiver, this has been specified as the sufficient value of
differential input voltage that produces a full output swing.
This is the same as that in ITU-R BT.656.

C.3.4  Maximum common mode signal ( ± 0.3 V)

The value has been specified considering that the input
common mode voltage of the ECL line receiver does not
exceed the allowable range specified in the ECL reference.
This consideration gives rise to an asymmetric range in
common mode signal of –1.37 V to +0.3 V (see note 4).
However, in order to guarantee the correct operation of the
receiver in the presence of common mode noise, the ampli-
tude of the noise (ac component) should be limited to less
than the smaller value of 0.3 V.

C.3.5  Differential delay ( ± 4.0 ns)

This value is the maximum variation of data time-delay in
reference to the clock at the receiving end, and is obtained
by adding the following values. It also corresponds to the
scaled value of that in ITU-R BT.656 (27 MHz clock, 11 ns
differential delay):

– Clock jitter:  ± 0.5 ns
– Data timing at sending end:  ± 1.0 ns
– Differential delay between pairs of cable:  ± 2.5 ns

C.4   Eye diagram (T min = 4.0 ns, V min = 100 mV)

Each eye diagram can be displayed by selecting one line of
each conductor pair on the oscilloscope (assuming no com-
mon mode noise, no clock jitter, and no data timing jitter).

The value of T min has been calculated as shown in annex E.

The value for V min is the same as that in ITU-R BT. 656.
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NOTES TO ANNEX C 

1  The following are included in the specification of ECL
10KH (MC10H116):

2 The following are included in the specification of ECL
10KH (MC10H116):

3 The following are included in the specification of ECL 10KH

(MC10H116):

4 The following are included in the specification of ECL 10KH

(MC10H116):

75°C

tr max/tf max 1.7 ns
 1.2 ns 

tr min/tf min 0.5 ns

0°C

tr max/tf max 1.5 ns
 1.0 ns 

tr min/tf min 0.5 ns

25°C

tr max/tf max 1.6 ns
 1.1 ns 

tr min/tf min 0.5 ns

Input common mode range VCMRmax –0.8V
  0.3V

–1.10V
Output common
mode range

–1.29V ± 15%

–1.48V
  1.37V

Input common mode range VCMRmin –2.85V

25°C

VOH max –0.81V
 VCM max =  –1.22V (–1.29V + 5%)

VOH min –0.98V

VOL max –1.63V  VCM min =  –1.47V (–1.29V –14%)

VOL min –1.95V

0°C

VOH max –0.84V
 VCM max =  –1.24V (–1.29V + 4%)

VOH min –1.02V

VOL max –1.63V  VCM min =  –1.48V (–1.29V –15%)

VOL min –1.95V

75°C

VOH max –0.735V

 VCM max =  –1.17V (–1.29V + 9%)

VOH min –0.92V

VOL max –1.60V  VCM min =  –1.44V (–1.29V –11%)

VOL min –1.95V

0°C

VOH min –1.02V
  0.61 V

VOL max –1.63V

25°C

VOH min –0.98V
  0.65V

VOL max –1.63V

75°C

VOH min –0.92V
  0.68V

VOL max –1.60V
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Annex D (informative)
Example of cable implementation

As an example of the design of the interconnecting multi-
channel cable, the technical characteristics of a possible
implementation are shown in table D.1 and figure D.1.

In  th is  d es ign  exa mple ,  the d i f fe re nt ia l  de lay be twe en

twisted-pairs is within 2.5 ns for the case in which the cable
length is 20 m (65.6 ft). However, it is possible to obtain
longer interconnections if the transmission characteristics
of the cable are such that guarantee the overall differential
delay to remain within the 2.5-ns range.

Table D.1 — Example of cable implementation

Item Unit Value

21-pair cable 31-pair cable

Number of pairs Pairs 21 31

Number of wires Conductors 42 62

Conductor Material Tin-plated copper

AWG size 28 28

Structure Strands/mm 7/0.127

Outer diameter mm 0.381

Dielectric Thickness mm 0.32

Outer diameter mm 1.021

Twisted pair Pitch mm Left-hand lay 20

Outer diameter mm Approx. 2.0

Inner shield Material Tin-plated copper

Structure Strands/mm 42/0.12 nominal

Density % More than 90

Outer diameter mm 2.28

Inner sheath Thickness mm 0.2

Outer diameter mm 2.68

Outer diameter of twisted cables mm Approx. 14.3 Approx. 17.1

Inner cable fixing Taped

Outer shield Material Tin-plated copper

Structure Carr/Piece/mm 24/14/0.14 32/12/0.14

Density % More than 80

Outer diameter mm 15.3 18.1

Outer sheath Material Heatproof vinyl

Thickness mm 1.4 1.7

Diameter of cable Nominal mm 18.1 21.5

Maximum mm 19.9 23.7

Conductive resistance Ω/km Less than 242

Voltage-proof test Vrms for 1min 1000

Insulation resistance MΩ/km More than 1500 More than 1000

Impedance Ω 110 nominal  between signals when
measured with the balance method.

(100 nominal  between signals when
measured with TDR method).

Delay time of signal transfer
(propagation)

ns/m 4.8 nominal
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Figure D.1 — Example of cable cross-sections for 21- and 31-pair multichannel cables
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Annex E  (informative)
Eye diagrams

Figure E.1 shows fully opened eye diagrams, one ideally
positioned and two extremely shifted relative to the clock.
When there is no clock jitter, no variance of data timing, no
differential propagation delay between cables, and also
when the frequency characteristics of the cable and inter-
face electronics are ideal, the ideal eye pattern (full open)
is observed at the receiving end (figure E.1(a)).

When clock jitter, data timing, and cable propagation delay
are all delayed by the maximum extent relative to the clock,
while the frequency characteristics of the cable and inter-
face electronics are still ideal, the eye pattern of figure
E.1(b) is observed at the receiving end. On the other hand,
when clock jitter, data timing, and cable propagation delay
are all advanced by the maximum extent relative to the
clock, while the frequency characteristics of the cable and
interface electronics are still ideal, the eye pattern of figure
E.1(c) is observed at the receiving end.

In the case of figure E.1(b), the time region of 2.75 ns on
the left-hand side, which is indicated by the shaded area, is
considered to be a time margin during which the actual eye
opening may close. This closing of the eye opening can be
due to  nonideal condit ions such as frequency charac-
teristics of the cable, rise and fall times of the line driver,
etc. In the case of figure E.1(c), the reasons for the exist-
ence of the shaded area on the right-hand side are the
same.

For any one data bit at the receiving end, variations in cable
propagation delay and data timing values are uncertain.
They may take either one of the two extreme cases shown
in figure E.1(b) or E.1(c), when replacing the cable and/or
interface electronics. Therefore, a maximum margin value
of 2.75 ns can be allocated on both left and right sides,
where the actual eye opening may close. This is shown in
figure E.2, which also indicates that the receiver can and
should sense the data correctly within this minimum eye
opening.

 

Figure E.1 — Eye diagrams for ideal
and extreme timing

Figure E.2 — Minimum eye opening
receiver should sense correctly
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