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Digital Colorspace Converter/Corrector
36 Bit Color (12 Bits x 3 Components) 40MHz

A 40MH;z, three-channel, 36 bit {three 12-bit components)
colorspace converter and color corrector, the TMC2272
uses 9 parallel multipliers to process high-resolution
imagery in real time.

The TMC2272 alsc operates at any slower clock rate and
with any smaller data path width, allowing it to handle all
broadcast and consumer camera, frame-grabber, encoder/
decoder, recorder and monitor applications as well as most
electronic imaging applications.

The TMC2272’s processing ability allows colorspaces to be
optimized for every input or output device; camera,
monitor, transmission or storage medium in real time,
regardless of the signal format required by each stage in a
system. For instance, a frame buffer may be operated in
any desired colorspace in an otherwise RGB system with
the use of two TMC2272s for translation to and from the
desired frame-buffer colorspace.

A complete set of three 12-bit samples is processed on
every clock cycle, with a five-cycle pipeline latency. Full
23-bit (for each of three components} internal precision

is provided with 10-bit user-defined coefficients. The
coefficients may be varied dynamically, with three new
coefficients loaded every clock cycle. {The full set of nine
can be replaced in three clock cycles.} Rounding to 12 bits
per component is performed only at the final output. This
allows full accuracy with correct rounding and overflow
headroom for applications that require less than 12-bit per
component. All inputs and outputs are registered on the
rising edges of the clock.

The TMC2272 is fabricated in TRW's OMICRON-C™

1 CMQOS process and has fully guaranteed performance
over the full commercial temperature range of 0 to 70°C,
and all other operational conditions specified in the
Operating conditions table. The TM(2272 is available in
a 121-pin plastic pin-grid array (PPGA} package in three
speed grades.
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Features

& A0MHz (25ns) Pipelined Throughput

o 3 Simultaneous 12-Bit Input And Output Channels
(64 Giga [235] Colors)

¢ Two's Complement Inputs And Qutputs

¢ (verflow Headroom Available In Lower Resolution
¢ 10-Bit User-Defined Coefficients

e TTL-Compatible Input And Qutput Signals

e full Precision Internal Calculation

¢ Qutput Rounding

¢ (On-Board Coefficient Memary

¢ OMICRON-C™ 1 CMOS process

Applications

¢ Translation Between Component Color Standards
(RGB, YIQ, YUV, etc.)

¢ Broadcast Compasite Color Encoding And Decoding

{All Standards)

* Broadcast Composite Color Standards Conversion
And Transcoding

¢ Camera Tube And Monitor Phosphor Colorimetry
Correction

LJ

Image Capture, Processing and Storage

Color Matching Between Systems, Cameras And
Monitors

Three-Dimensional Perspective Translation

White Balancing And Color-Temperature Conversion

Associated Products

¢ TDC1058 A/D Converter

o TDC1049 A/D Converter

e TMC2242 Interpolator/Decimator

¢ TMC2330 Rectangular/Polar Converter
¢ TDC1012 D/A Converter

e TMC0171 D/A Converter

TRW LSI Products Inc.



TMC2272 Tw
¥ 4 ry
Figure 1. Functional Block Diagram
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Functional Description
General Information

The TMC2272 is a nine-multiplier array with the
internal bus structure and summing adders needed to
implement a 3 x 3 matrix multiplier (triple dot product}.
With a 40MHz guaranteed maximum clock rate, this device
offers video and imaging system designers a single-chip
solution to numerous common image and signal-processing
problems.

The three data input ports (A11-g, B11-0. C11-g) accept
12-bit two's complement integer data, which is also the
format for the output ports (X11-0. Y11-0. and Z11-g).
Other format and path width options are discussed in the
numeric format and overflow section. The coefficient input
ports (KA, KB, KC) are always 10-bit two's complement
fractional. Table 2 details the bit weighting.

Full precision is maintained throughout the TMC2272.
Each output is accurately rounded to 12-bits from the
73-bits entering the final adder.

Signal Definitions

Afn), B{n}, Cin) Indicates the data word presented to
that input port during the specified
clock rising edge (n). Applies to input

ports A11.0, B11-0. and C11-0.

Indicates coefficient value stored in
the specifted one of the nine onboard
coefficient registers KAX through KCZ,
input during or before the specified
clock rising edge (n}.

KAX{n) thru KCZ(n)

Xin), Y(n), Z{n) Indicates data available at that output
port tpQ after the specified clock rising
edge (n). Applies to output ports X11-g.

Y11-0.and Z11-0.

The TMC2272 utilizes six input and output ports to realize &
“triple dot product,” in which each autput is the sum of all
three input words in multiplied by the appropriate stored
coefficients. The three corresponding sums of products are
available at the outputs five clock cycles after the input
data are latched, and three new data words rounded to
12-bits are then available every clock cycle. See the

Applications Discussion regarding encoded video
standard conversion matrices.

X(5) = A{1)KAX{1) + B(1)KBX(1} + C{TIKCX(1)
Y{5) = A(1)KAY(1} + B(1)KBY{1) + C{1)KCY(1)
Z(5) = A[1)KAZ(1) + B{1)KBZ(1) + C(1)KCZ(1)

Pin Definitions

Power

VpD,GND  The TMC2272 operates from a single
+5V supply. All pins must be connected.

Control

CWSEL1.g  This input selects which three of the 9
coefficient registers, if any, will be updated
on the next clock cycle from the KAg.q. KBg.g
and KCq.q inputs. See Table 4 and the
Functional Block Diagram.

Clock

CLK The TMC2272 operates from a single system

clock input. All timing specifications are
referenced to the rising edge of clock.

Data and Coefficient Inputs

A11-0.B11-0. C11-0 These are the three 12-bit wide data
input ports.

KAg.q. KBg.g, KCg.p These are the 10-bit wide coefficient
input ports. The value at each of
these three inputs will update one
coefficient register as selected
by the coefficient write select
{CWSEL1-g} on the next clock.

See Table 1and the Functional
Block Diagram.

Outputs

X11-0. Y11-0. Z11-0 These are the data outputs. Data
are available at the 12-bit registered
Output Ports X, Y, and Z tpQ after

every clock rising edge.

TRW LSI Products Inc.
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Table 1. Coefficient Loading

CWSEL1 0
00 n 10 1
Hold Load Load Load
Input KAg-0 All KAX KAY KAZ
Hold Load Load Load
Input KBg-g All KBX KBY KBZ
Hold Load Load Load
Input KCg.0 All KCX KCY KCZ
Package Interconnections
Signal Signal
Type Name Function HS Package
Power vpD Supply Voltage F3,H3, L7, C8,C4
GND Ground £3,G3,J3, L4, L6, H11, C7, C5, A4, BS
Clock CLK System Clock D11
Controls CWSEL1 0 Coefficient Write Select J12, 413
Inputs A11-0 Data Input A E11, D13, E12, E13, F11, F12,
F13,G13, 611, G12, H13, H12
By1-0 Data Input B B10, A11,B11, C10, A12, B12,
C11,A13,C12,B13,C13,D12
C11-0 Data Input C A5, C6, B6, A6, A7, BT,
A8, B8, A9, B9, A10, C9
KAg.g Coefficient Input KAX, KAY, K13, J11, K12, L13, L12, K11,
or KAZ M13, M12, L11, N13
(See Pin Definitions and
Table 1)
KBg-g Coefficient Input KBX, KBY, M11, L10, N12, N11, M10, LS,
or KBZ N10, M8, N9, L8
(See Pin Definitions and
Table 1)
KCg-g Coefficient Input KCX, KCY, M8, N8, N7, M7, N6, M6,
or KCZ N5, M5, N4, L5
(See Pin Definitions and
Table 1)
Outputs X11-0 Output X B4, A3, A2, B3, A1, (3,
B2, B1,03,C2,C1,D2
Y11-0 Output Y D1, E2,E1,F2, F1,G2, G,
H1,K1,J2,J1, H2
2110 OutputZ M4, N3, M3, N2, M2, L3

N1, L2, K3, M1, L1, K2

TRW LSI Products Inc.
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Figure 2. Impulse Response
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Figure 3. Input/Qutput Timing Diagram
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Numeric Format and Overflow

Table 2 shows the binary weightings of the input and
output ports of the TMC2272. Although the internal sums
of products could grow to 23-bits, the outputs X, Y, and Z
are rounded to yield 12-bit integer words. Thus the output
format is identical to the input data format. Bit weighting
is easily adjusted by applying the same scaling correction
factor to both input and output data words.

As shown in Table 2, the TMCZ2272's matched input

and output data formats accommodate 0dB (unity) gain.
Therefore the user must be aware of input conditions

that could lead to numeric overflow. Maximum input data
and coefficient word sizes must be taken into account with
the specific translation performed to ensure that no
overflow occurs.

Use with Fewer Than 12 Bits

The TMC2272 can be configured to provide several format
and overflow options when used in systems with fewer
than 12-bits of resolution. An 8-bit system will be used as
an example, however these concepts apply to any other
word width.

The most apparent mode of operation is to left justify

the incoming data and to ground the unused input LSBs.
However, the outputs will still be rounded to the least
significant bit of the TMC2272, having little if any effect
on the top 8 bits actually used. Because the TMC2272
carries out all calculations to full precision, the preferred
mode of operation is to right justify and sign extend the
data as shown in Figure 4. Since all the LSBs are used,
the desired output will be rounded correctly, and overflow
will be accommodated by bits 7 through 10.

The TMC2272 may also be used in unsigned binary 8-bit
systems as shown in Figure 5. Bits 11 through 8 will
handle overflow.

In all applications, a digital zero {ground) should be
connected to all unused inputs.

Table 2. Bit Weightings for Input and Output Data Words

Bit Weights 2 210 29 28 27 26 25 24 28 2 21 N . 21222324 25 26 27 28 29
INPUTS

All Modes

DataA, B, C Ay o lg g Iz g 15 1 13 I It g

Coefficients Kg . Kg K7 Kg K5 Ks K3 Kz Ki Kg
KA, KB, KC

Internal Sum X20 X19 X18 X17 X168 X15 X14 X13 X12 X191 X0 X9 . X8 X7 Xg X5 Xg X3 X2 X1 Xo
OUTPUTS

XY,z -0y101p Og 0g O7 0 O 04 03 O 0y Op .

Note: A minus sign indicates a two's complement sign bit.

TRW LS! Products Inc.
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Figure 4. Two's Complement 8-Bit Application

Figure 5. Binary 8-Bit Application

INPUTS TMC2272 QUTPUTS INPUTS TMC2272 OUTPUTS
(Aty.0:B11.9ORCy. g BIT WEIGHTINGS 41.0:Y91.00RZyy.p)  (Ayy.0 B4y gORCyy g BIT WEIGHTINGS X41.0Y11-0ORZyy.p)
——  MSB(11) MSB (7) GND —| MSB(1} [
NC/OVERFLOW
] I o GND — 09 [~ | (WILLACCUMULATE
SIGN NC/ OVERFLOW TO
EXTENSION ® OVIEFLIFLOW GND — ® || 4095,
— ® [— | ACCUMULATE GND - (8 —.
OVERFLOW)
MSB (7) Ul —_} MSB (7) U] ————— MSB(7)
(6) ) (] (&) (6) (©)
) 4] ) ®) ) @)
@ (4 0] # (U] @
()] @ €] @ @) 3
@ [vi] [vi] @ @) " @
] (1 () W} L/ U]
LSB(0) LSB (0) LSB (0) LS8 (0) LS8y J—— LsB()
24044A 24045A
Absolute maximum ratings {beyond which the device may be damaged)!
Supply Voltage —0.5t0 +7.0V
Input Voltage -0.5to (Vpp + 0.5V
Qutput
Applied voltage -05to{(Vpp +0.5)v2
Forced current............... -6.0to 6.0mA34
Shart-circuit duration
{single output in HIGH state to ground} 1sec
Temperature
Operating case ............. -60t0 +130°C
junction 175°C
Lead soldering (10 seconds} 300°C
STOTAPR .........coeoocrrctr s ssras s sssssseaeenerons —65to0 150°C
Notes: 1 Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating congitions. Functional
operation under any of these conditions is NOT implied.
2. Applied voltage must be current limited 10 specified range, and measured with respect 1o GND.
3. Forcing voitage must be limited to specified range.
4. Current is specified as conventional current flowing into the device

10
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Operating conditions

Temperature Range
Standard

Parameter Min Nom Max Units
VoD Supply Voltage 475 5.0 5.25 v
ViL Input Voltage,Logic LOW 0.8 \
ViH Input Voltage,Logic HIGH 2.0 \
loL Output Current Logic LOW 40 mA
10H Output Current,Logic HIGH -20 mA
tcy Cycle Time

TMC2272 33 ns

TMC2272-1 217 ns

TMC2272-2 25 ns
tPWL Clock Pulse Width, LOW

TMC2272 15 ns

TMC2272-1 12 ns

TMC2272-2 10 ns
tPWH Clock Pulse Width HIGH 10 ns
18 input Setup Time

TMC2272 8 ns

TMC22721 7 ns

TMC2272-2 6 ns
tH Input Hold Time

TMC2272 3 ns

TMC2272-1 3 ns

TMC2272-2 2 ns
TA Ambient Temperature, Still Air 0 70 oC

TRW LSI Products Inc. n
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Electrical characteristics within specified operating conditions'
Temperature Range
Standard
Parameter Test Conditions Min Max Units
IpDa Supply Current, Quiescent Vpp=Max, ViN=0V 12 mA
Ipbu Supply Current, Unloaded Vpp=Max, f=20MHz 160 mA
I8 Input Current,Logic LOWZ Vpp=Max, ViN=0V -10 uA
I1H Input Current,Logic HIGHZ Vpp=Max, VIN=VDD 10 uA
loiL Input Current,Logic LOW3 Vpp=Max, V|N=0V -40 uA
I0IH Input Current,Logic HIGH3 Vpp=Max, ViN=VDD 40 uA
VoL Output Voltage,Logic LOW Vpp=Min, lg| =4mA 0.4 v
VOH Output Voltage,Logic HIGH Vpp=Min, IgH=-2mA 24 v
0s Short-Circuit Qutput Vpp=Max, Dutput HiGH, =20 -80 mA
Current One Pinto Ground,
One Second Duration Max.
C Input Capacitance TA=250C, f=1MHz 10 pF
Co Output Capacitance TA=250C, f=1MHz 10 pF
Notes. 1. Actual test conditions may vary from those shown, but guarantee operation as specified
2. Exceptpins X110, Y110
3. Pins X11.0, Y11-g only
Switching characteristics within specified operating conditions
Temperature Range
Standard
Parameter Test Conditions Min | Max Units
tp Output Delay Vpp=Min, CLpAD=25pF
TMC2272 18 ns
TMC227241 17 ns
TMC2272-2 16 ns
tHg Output Hold Time Vpp=Max, CLgan=25pF
TMC2272 4 ns
TMC2272-1 3 ns
TMC2272-2 ns

12

TRW LSI Products Inc.



TMC2272 722

Figure 6. Equivalent Input Circuit Figure 7. Equivalent Output Circuit
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Applications Discussion
The TMC2272 can convert between any two three- modification of contrast by changing Y, and conversion
coordinate colorspaces with the selection of the proper back to RGB can be performed as quickly and easily as any
coefficients. Sets of coefficients for some popular simple transfarmation. To calculate the final set of
colorspace conversions are presented below. coefficients from the coefficients of the individual
transformations, the procedure in Figure 8(concatenation)

By concatenating coefficient matrices of single is used. |f more than two matrices are to be combined, the
transformations, the user can program the TMC2272 to result from the concatenation of the first two matrices is
perform compound transtorms efficiently. For example, concatenated with the third. If more matrices must be
given an RGB input, carrection of the relative values of R incorporated in the final function, the last step is repeated.

and B, for color temperature, conversion to YiQ,

Figure 8. Concatenation

ABC||J KL AJ+BM+CP AK+BN+CQ AL+BO+CR
D EF M N O|=|DJ+EM+FP DK+EN+FQ DL+EO+FR
G H I P QR GJ+HM+IP GK+HN+IQ GL+HO+IR

24046A

TRW LS| Products Inc. 13
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Converting Video Data from RGB to YIQ or YUV

The TMC2272 simplifies the task of converting encoded
color video data between the RGB (color component)
format and the Y1Q {quadrature encoded chrominance) or
YUV (color difference) format. Beginning with RGB

compenent data, the standard relationships, with 8-bit

quantization, are:

Y = (77R + 150G + 29B)/256

I'={153R ~ 71G -82B}/256 + 128
Q= (54R - 134G + 80B)/256 + 128

and

In digital systems, | and 0 or U and V are sometimes

renormalized to:

I'=(128R - 59G - 69B)/256
(={52R - 128G + 76B)/256

U=(128R - 107G - 21B)/256
V={-43R - 85G + 128B)/256

With each coefficient expressed as a fraction of 256, these
numbers are easily converted to binary for loading into the
coefficient storage of the TMC2272. The half-scale {80hex)
offsets included in the chrominance and color-difference
terms can easily be added to the appropriate sums after
the matrix multiplication, if desired. Table 3 contains the
10-bit twa's complement coefficients to be loaded into

the TMC2272 to perform the desired conversion from
RGB format. Once these factors are in place the user
can continuously convert encoded data at real-time video
rates, with three new encoded outputs available on every

clock cycle.

Y
U
v

o n

{77R + 150G + 29B}/256
(131R— 110G — 21B)/256 + 128
(-44R - 87G + 131B)/256 + 128

Table 3. Colorspace Conversion Coefficients'

Conversion KAX

KAY

KAZ

KBX KBY

KBZ KCX

KCY

KCZ

RGB to YIQ 04D
RGB to Y103 04D
RGB ta YUV 04D
RGB to YUV3 04D

099
080
083
080

036
034
304
305

036 389
096 3C5
096 392
096 395

37A 010
380 01D
3A9 01D
3AB 01D

3AE
3BB
3EB
3EB

050
04C
083
080

Notes 1. Allentries are given in 10-bit two's compiement hexacecimal such that all entries beginning in “2" or "3” are negative

2 This table assumes the following bus assignments

R>—»
6 >——»

8>—f

AN
Bin

Cin

Xout |
Your

————» Y
——» I0RU

Loyt

QORV

3 Second and fourth rows are renormalized such that a-gest coefficient = 5 (080hex)

14
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Converting Video Data from YIQ or YUV to RGB
With a different set of coefficients, the TMC2272 can
perform the inverse conversions, whose governing
equations are: ‘
R = (256Y + 2431 + 159Q})/256 and R =(256Y + 0U + 292V)/256
G =(256Y — 721 — 164Q)/256 G =(256Y - 101U — 149V)/256
B ={256Y — 2841 + 443Q)/256 B =(256Y + 520U + 0V)/256
Since the first YUV — RGB equation set includes the
coefficient “520,” which won't fit into a 10-bit two's
complement integer format, we must either divide all
coefficients by 2, degrading precision by one bit, or by
520/511. In Table 4, the 520/511 correction factor was
selected.
The values corresponding to digital normalization (see RGB
to YIQ discussion) are:
R = 256Y + 292! + 167Q)/256 and  R={(256Y + 0U + 359V)/256
G ={256Y — 861 —172Q)/256 G = (256Y — 88U — 183V)/256
B = (2561 — 341! + 456Q)/256 B =(256Y + 453U + 0V)/256
Table 4. Colorspace Conversion Coefficients!Z
Conversion KAX KAY KAZ KBX KBY KBZ KCX KCY KCz
YlQ to RGB 100 100 100 0F3 3B8 3E4 09F 35C 1BB
Y1Q to RGB3 100 100 100 124 3AA 2AB 0A7 354 101
YUV to RGB 0FC OFC OFC 000 39D 1FF 1F 36E 000
YUV to RGB3 100 100 100 000 3A8 125 167 349 000
Notes: 1. All entries are given in 10-hit two's complement hex, such that all entries beginning in “2” or "3" are negative.
2. This table assumes the following bus assignments:
YO——pay Your ——>*®
1ORU >—————p By Your—> ¢
QORY >——p Cy g ——» ¢
3. Second and fourth rows are renormalized such that largest coefficient = 5 {080hex).
TRW LSI Products Inc. 15
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HSV (HSI) Format Conversions

HSV (or HSH) refers to Hue {color) Saturation {vividness) and
Value {intensity or brightness), quantities which are directly
related to the human perception of light and color. The V
{or 1) levels are simply the Y {or luminance} levels. Hue and
Saturation are derived from the R-Y and B-Y color
difference values of a signal.

HSV Calculations:

Value (V) = Intensity (I} = Y

Hue {(H) = Arctan (B-Y/R-Y)
Saturation (S) = V(R-Y}Z + (B-Y)Z
R-Y =S * cos(H)

B-Y =S * sin{H)

One may use two 64Kx8 ROM look-up-tables to calculate
Hue and Saturation from R-Y and B-Y in an 8-bit system.
However, the finite size of this LUT may limit performance,
especially if the TMC2272's full precision is used. The
TMC2330, developed to translate between rectangular
and polar coordinates, can perform the trigonometric
transformations to 16 bit precision at 25MHz. These
calculations are the the same as required in HSV
calculations. A 4 Giga-byte x 32 bit LUT can achieve the
same accuracy and precision as the TMC2330, if it is
programmed correctly.

To convert between Y, B-Y, B-Y and HSV, the the TM(2272
isn't needed at all; simply use the TMC2330. To convert
between HSV and any other format, use the TMC2330 to
translate between HSV and Y, R-Y, B-Y, and use the
TMC2272 to translate between Y, R-Y, B-Y and the other
format. See Figures 9and 10.

Figure 9. Conversion to HSV

Xy4.0M

£

K] EQUALIZING PIPELINE

12

12
LT m

V1 DELAY, 22 CYCLES
3X TMC2011

 ——
12

Y DESHED 12 Yii.oR-Y) , XBis.g N RXOUT45 40.0
Bi1.0 i") ez ~ ::‘_—‘_,> s
COLORSPACE {1-0) ” %y ForET V] NOTE 1 2
.0 7 ez
Zyy.9(B-N) |, YPWNis.o N YPOUT45 10-0
/ V] j> i
NOTE 1
12 OTE NOTE 1 12 24047A
Netes. 1. Connect TMC2272 MSBs (Bits 11) to TMC 2330 MSBs (Bits 15) and also tc TMC2330 Bits 14-11. Connect TMC2272 LSBs (Bits 10-0) to TMC2330 LSBs {Bits 10-0)

TMC2330 output bits 14-11 are overflow

2. TMC2272 Y11-g outputs should not be confused with the designation Y™ Lsed 1o s:gnify the intensity components. The assignment of components to TMC2272 inputs

and outputs may be altered through the selection of appropriate coefficients

Figure 10. Conversion from HSV

EQUALIZING PIPELINE , At1-0 -0 u
v DELAY, 22 CYCLES / :}
12 3X TMC2011 712 12
XRIN5 . o RXOUT1516.0, (R-Y) By.o Yii.0 A
D a—— / N e 7>
NOTE 1 712 NOTE 1 72 m COLORSPACE
T™MC2330
YPINgs .o RXOUTi5 5.0, (B-Y) Cyy SN Ziy.0
D —— — A
NOTE1 12 NOTET 717 d 12
- 24048A
Notes: 1. Connect input MSBs (Bits 11) to TMC2330 MSBs (Bits 15( and alsa to TMC2330 Bits 14-11 Connect input LSBs (Bits 10-0} to TMC2330 LSBs (Bits 10-0)

2. TMC2272 Y11.g outputs should not be confused with the designation 'Y used for an intensity component. Component assignment depends on the coefficients used

16
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Input Interpolation/Qutput Decimation and Filtering

In some applications the two color-difference signals
{B-Y/B-Y or Cr/Cb, for example,} are transmitted at one-half
the rate of the luminance (Y) signal. These two color-
difference signals are often multipiexed to one signa!
which is at the same sample rate as the luminance signal.
In many applications, if the color difference signals are
already band-himited, it is satisfactory to use the same
color difference sample for each two luminance samples.
Little improvement is obtained with a simple averaging
{[A+B]/2) interpolation filter. if the color difference signal
is not band-limited, either of these two methads may yield
unsatisfactory results due to aliasing. In this case, a TRW
TMC2242 digital low-pass (“half-band") interpolating filter
will correctly band-limit each color difference signal as it is
interpolated. See Figure 11.

The same methods are used to decimate the color
difference outputs. Simple decimation by removing every
other sample of color information may yield unsatisfactory
results due to aliasing. This is a problem because the color
difference signals have now been transformed with the
higher-bandwidth luminance signals and therefore have
higher bandwidths than they had before the transform.
The best performance is obtained by using a precise low-
pass ("half-band”) decimation filter such as the TRW
TDC2242 to remove aliasing components. See Figure 12.

The TDC2242 is a bi-directional, selectable rate filter/
interpolator/decimator.

Figure 11. Input Interpolation and Filtering
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2 TMC2242IN 111 MODE [ aMsPs 12
Cr NOTE71, N TMC2242 LOW PASS Cr / Bi1-0
‘ FILTERINTEPOLATOR, 4’2_> ™CRT2
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‘j:) FILTERINTEPOLATOR, z::)
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Notes: 1. Width of input paths wili vary with source.
2. See TMC2242 Datasheet for further information
Figure 12. Qutput Decimation and Filtering
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TMC2272 TR

Pin Assignments — 121-Pin Plastic Pin Grid Array H5 Package

Pin | Name Pin | Name Pin | Name Pin | Name Pin | Name Pin | Name Pin | Name
Al | xz 85 | GND 8 | Cg Fl |y H13 | A 15 | KCp M9 | KBy
Az | xg B6 | Cg cio | Bg F2 | vg g | 16 | GND M10| KBs
A3 | X0 B7 Ce C1 | Bg F3 VbD J2 Yz L7 Vpp M11| KBg
Ad GND B8 Cs Ci2 | B3 F11 | A7 J3 GND L8 KBg M12 | KAz
A5 | Cpy B | Cp c13 | B F12 | Ag 1| Kag 19 | KBg M13 | Kas
A6 Cg B10 | By D1 Y11 F13 | Ag J12 | CWSELy | L10 | KBg N1 Zs5
Y B11 | Bg D2 | Xg 61 | s J13 | cwsely | L1 | Ka N2 | Zg
A8 | Cs B12 | Bg D3 | X3 G2 | Yg KI | v 112 | KAg N3 | 20
A9 C3 B13 | B3 b1 | CLK G3 GND K2 Zp L13 | KAg N4 KCy
A0 | Cy et | X D12 | Bg Gl | A3 K3 | z3 M| Zp N5 | KCs
All | B0 £2 | X3 D13 | Aqp G12{ Ay KI1 | KAs M2 | 7y N§ | KCs
Al2 | By C3 | Xg Bl | Yg 613 | A4 K12 | KAy M3 | Zg N7 | Ky
A13 | Bg C4 Vbp E2 Y10 H1 Y4 K13 | KAg M4 | Z1g N8 KCg
Bl | X4 C5 | GND E3 | GND H2 | Yp u |z M5 | KCp N9 | KBj
B2 | Xs C6 | Cip BN | Aqg H3 | Vpp 12 |z M6 | KCs N10 | KB3
B3 | Xg C7 | GND E12 | Ag H11 | GND 13 | zg M7 | Keg N11 | KBg
B4 | X3 C8 | Vpp E13 | Ag H12 | Ag 4 | GND M8 | KCg N12 | KBy
N13 | KAp

Note:  Pin D4 has no electrical connection. It is a mechanical orientation pin

35 0000000000000
2 0000000000000
11 0000000000000
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TMC2272 | T

Ordering Information

Product Speed | Temperature Range Screening Package Package
Number Hz Marking
TMC2272H5C 30 STD-TA =0°C to 70°C Commercial 121 Pin Plastic PGA 2272H5C

TMC2272H5C-1 36 STD-TA = 0°C to 70°C Commercial 121 Pin Plastic PGA 2272H5C-1
TMC2272H5C-2 40 STD-Tp =0°C to 70°C Commercial 121 Pin Plastic PGA 2272H5C-2

All parameters in this specification are guaranteed by design, characterization, sample testing ot 100% testing, as appropriate.
TRW reserves the right to change products and specifications without notice. This information does not convey any license under patent rights of TRW
Inc. or others.

Life Support Policy

TRW LS| Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can
reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes alf risk of such
use and indemnifies TRW LS! Products Inc. and TRW Inc. against all damages.

TRW LSI Products Inc. 19
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