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TMC2330A

Coordinate Transformer
16 x 16 Bit, 40 MOPS

Features

» Rectangular-to-Polar or Polar-to-Rectangular conversion
at guaranteed 40 MOPS pipelined throughput rate

* Polar data: 16-bit magnitude, 32-bit input/16-bit output
phase

* 16-bit user selectable two’s complement or sign-and-
magnitude rectangular data formats

* Input register clock enables and asynchronous output
enables simplify interfacing

» User-configurable phase accumulator for waveform
synthesis and amplitude, frequency, or phase modulation

* Magnitude output data overflow flag (in Polar-to-
Rectangular mode)

* Low power consumption CMOS process

» Single +5V power supply

* Available in a 120-pin plastic pin grid array package
(PPGA), 120-pin ceramic pin grid array package (CPGA),
120-pin MQFP to PPGA (MPGA) package, and 120-pin
metric quad flatpack package (MQFP)

Applications

* Scan conversion (phased array to raster)

* Vector magnitude estimation

* Range and bearing derivation

* Spectral analysis

 Digital waveform synthesis, including quadrature
functions

* Digital modulation and demodulation

Logic Symbol

Description

The TMC2330A VLSI circuit converts bidirectionally
between Cartesian (real and imaginary) and Polar (magnitude
and phase) coordinates at up to 40 MOPS (Million Operations
Per Second).

In its Rectangular-to-Polar mode, the TMC2330A can extract
phase and magnitude information or backward “map” from a
rectangular raster display to a radial (e.g., range-and-azimuth)
data set.

The Polar-to-Rectangular mode executes direct digital waveform
synthesis and modulation. The TMC2330A greatly simplifies
real-time image-space conversion between the radially-generated
image scan data found in radar, sonar, and medical imaging
systems, and raster display formats.

All input and output data ports are registered, and a new trans-
formed data word pair is available at the output every clock
cycle. The user-configurable phase accumulator structure,
input clock enables, and asynchronous three-state output bus
enables simplify interfacing. All signals are TTL compatible.

Fabricated in a submicron CMOS process, the TMC2330A
operates at up to the 40 MHz maximum clock rate over the full
commercial (0 to 70°C) temperature and supply voltage ranges,
and is available in 120-pin plastic pin grid array, 120-pin
ceramic pin grid array, 120-pin metric quad flatpack to PPGA
package, and 120-pin metric quad flatpack packages.
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TMC2330A

Block Diagram
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Functional Description

The TMC2330A converts between Rectangular (Cartesian)
and Polar (Phase and Magnitude) coordinate data word pairs.
The user selects the numeric format and transformation to be
performed (Rectangular-To-Polar or Polar-To-Rectangular),
and the operation is performed on the data presented to the
inputs on the next clock. The transformed result is then
available at the outputs 22 clock cycles later, with new out-
put data available every 20ns with a 40 MHz clock. All input
and output data ports are registered, with input clock enables
and asynchronous high-impedance output enables to sim-
plify connections to system buses.

When executing a Rectangular-To-Polar conversion, the input
ports accept 16-bit Rectangular coordinate words, and the out-
put ports generate 16-bit magnitude and 16-bit phase data. The
user selects either two’s complement or sign-and-magnitude
Cartesian data format. Polar magnitude data are always in
magnitude format only. Since the phase angle word is modulo
2m, it may be regarded as either unsigned or two’s complement
format (Tables 1 and 2).

In Polar-To-Rectangular mode, the input ports accept 16-bit
Polar magnitude and 32-bit phase data, and the output ports
produce 16-bit Rectangular data words. Again, the user
selects between two’s complement or sign-and-magnitude
Cartesian data format.

REV. 1.1.8 10/31/00
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Table 1. Data Input/Output Formats—Integer Format

Bit #
Port RTP TCXY
31 (30 | 29 | ... | 16 | 15 | 14 | .. (] Format
XRIN 0 X 215 214 20 U
XRIN 1 0 NS 214 20 S
XRIN 1 1 215 | 214 20 T
YPIN 0 X +20 | 21 | 22 | | 215 | 216 | 217 | | 281 | (xm)T/U
YPIN 1 0 NS 214 213 20 S
YPIN 1 1 215 | 214 213 20 T
RXOUT 0 0 NS | 214 20 S
RXOUT 0 1 —215 | 214 20 T
RXOUT 1 X 215 214 20 U
PYOUT 0 0 NS | 214 20 S
PYOUT 0 1 215 | 214 20 T
PYOUT 1 X +20 | 21 215 | (xm)T/U
Table 2. Data Input/Output Formats—Fractional Format

Port Bit # Format

or orma

RTP | TCXY | 31 | 30 | 29 | ... | 16 | 15 | 14 | ... 0
XRIN 0 X 20 2-1 2-15 U
XRIN 1 0 NS 2-1 2-15 S
XRIN 1 1 -20 2-1 2-15 T
YPIN 0 X 20 [ 21 | 22 | | 215 | 216 | 217 | | 231 | (xm)T/U
YPIN 1 0 NS 2-1 22 2-15 S
YPIN 1 1 -20 2-1 22 .. 2-15 T
RXOUT 0 0 NS 21 2-15 S
RXOUT 0 1 20 2-1 2-15 T
RXOUT 1 X 20 2-1 2-15 U
PYOUT 0 0 NS 2-1 2-15 S
PYOUT 0 1 —20 2-1 .. 2-15 T
PYOUT 1 X 20 | 21 | | 215 | (xm)T/U
Notes:

1. -215 denotes two’s complement sign bit.
2. NS denotes negative sign, i.e., ‘1’ negates the number.

3. +20 denotes two’s complement sign or highest magnitude bit — since phase angles are modulo 2t and phase accumulator is
modulo 232, this bit may be regarded as +x or -r.

4. All phase angles are in terms of & radians, hence notation “xrn.”
5. If Agc =00, YPIN(15-0) are “don’t cares.”
6. Formats:

T = Two’s Complement

S = Signed Magnitude

U = Unsigned
HEX U T S
FFFF 65535 -1 -32767
8001 32769 -32767 -1
8000 32768 -32768 0
7FFF 32767 32767 32767
0001 1 1 1
0000 0 0 0
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TMC2330A

Static Control Inputs

The controls RTP and TCXY determine the transformation
mode and the assumed numeric format of the Rectangular
data. The user must exercise caution when changing either of

Pin Assignments
120-Pin MQFP

these controls, as the new transformed results will not be
seen at the outputs until the entire internal pipe (22 clocks)
has been flushed. Thus, these controls are considered static.

Pin Name Pin Name Pin Name Pin Name

1 VDD 31 GND 61 | VDD 91 VDD

2 PYOUT4 | 32 | YPIN9 62 | XRIN1 92 RX0OUT9

3 PYOUT3 | 33 | YPIN10 63 | XRIN2 93 RXOUT8

4 GND 34 | VDD 64 | GND 94 GND

5 PYOUT2 | 35 | YPIN11 65 | XRIN3 95 RXOUT7

6 PYOUT1 36 | YPIN12 66 | XRIN4 96 RXOUT6

7 PYOUTO | 37 | YPIN13 67 | XRIN5 97 RXOUT5

8 VDD 38 | YPIN14 68 | GND 98 GND

9 | OEPY 39 | YPIN15 69 | XRIN6 99 RX0UT4

10 | GND 40 | YPIN16 70 | XRIN7 100 | RXOUT3

11 | RTP 41 | YPIN17 71 | XRIN8 101 | RXOUT2

12 | CLK 42 | VDD 72 | XRIN9 102 | VDD

13 | GND 43 | YPIN18 73 | XRIN10 103 | RXOUT1

14 | TCXY 44 | YPIN19 74 | XRIN11 104 | RXOUTO

15 | ENPY 45 | YPIN20 75 | XRIN12 105 | OVF

16 | GND 46 | GND 76 | GND 106 | GND

17 | ENPY1 47 | YPIN21 77 | XRIN13 107 | PYOUT15
18 | ACCO 48 | YPIN22 78 | XRIN14 108 | PYOUT14
19 | ACC1 49 | YPIN23 79 | XRIN15 109 | PYOUT13
20 | VDD 50 | VDD 80 | VDD 110 | VDD

21 | YPINO 51 | YPIN24 81 | OERX 111 | PYOUT12
22 | YPIN1 52 | YPIN25 82 | GND 112 | PYOUT11
23 | YPIN2 53 | YPIN26 83 | RXOUT15| 113 | PYOUT10
24 | YPIN3 54 | YPIN27 84 | VDD 114 | GND

25 | YPIN4 55 | YPIN28 85 | RXOUT14| 115 | PYOUT9

26 | YPINS 56 | YPIN29 86 | RXOUT13| 116 | PYOUT8

27 | YPING 57 | YPIN30 87 | RXOUT12| 117 | PYOUT7

28 | GND 58 | YPIN31 88 | GND 118 | GND

29 | YPIN7 59 | ENXR 89 | RXOUT11| 119 | PYOUT6

30 | YPINS 60 | XRINO 90 | RXOUT10f 120 | PYOUT5

REV. 1.1.8 10/31/00



TMC2330A

PRODUCT SPECIFICATION

Pin Assignments (continued)

120-Pin PPGA, H5 Package and 120-Pin CPGA, G1 Package and 120-Pin Metric Quad Flatpack to
120-Pin Plastic Pin Array, H6 Package

1 2 3 45 6 7 8 9 101 1213 Pin Name Pin Name Pin Name Pin Name
’ Al | Pyouts | c5 | GND G11 | GND L10 | YPIN31
A (e} o (e} o o o (e} o (e} o o o (e}
A2 | PYouT7 | C6 | VDD G12 | XRIN12 | L11 [ VDD
B| o o o o o o o o o o o o o A3 | PYOUT8 | G7 | GND G13 | RXIN13 | L12 | XRIN3
el o o 6 6 6 6 6 0 0 0 o o o A4 | PYOUT10| €8 | VDD H1 | Acco L13 | XRIN4
A5 | PyouT12]| c9 [ GND H2 | AcCi M1 | YPING
Df o o o o °© o o A6 | PYOUT14| c10 | GND H3 | vDD M2 | YPIN9
El o o o KEY 6 o o A7 | PYouTi5] c11 | vDD Hi1 | XRIN9 | M3 | YPINT1
A8 | Rxouto | c¢12 | RXxouT11| H12 | XRIN10 | M4 | YPIN13
Fl ° ° »° . °c 2 ° A9 | Rxout2 | c13 | RxouT13| H13 [ XRIN11 | M5 | YPIN16
G| o o o (T::s"‘;'fj"; o o o A0 | RXOUT4 | DI | OEPY | J1 | YPINO | M6 | YPIN18
Hl o o o o o e A1 | Rxouts | D2 [ Pyouto [ J2 | YPINd M7 | YPIN20
A12 | RXoUT8 | D3 [ GND J3 [yring | M8 | YPIN23
J| o o o o o o A13 | RxouT10] D11 | GND J11 | GND M9 | YPIN25
Kl o o o o o o B1 | Pvouts | p12 | Rxout14]| y12 [ xriN7 | m10 | YPIN28
B2 | pyout4 | 13 | RxouT15| J13 | XRINS | mM11 | ENXR
Ll ¢ ¢ ¢ o o o o o o o o o o B3 | PYOUT6 | E1 | RTP Ki | YPIN2 M12 | XRIN1
M| o o o6 o o o 0o 0o o o o o o B4 |Pvouto [ E2 | GND K2 | yPiNg | M13 | XRIN2
B5 | Pyoutii| E3 |vDD K3 | GND N1 | YPINS
N (e} o (e} o o o (e} o (e} o o o (e}
B6 | PyouT13| E11 | vDD K11 | GND N2 | YPIN10
B7 | OVF E12 | GND K12 | XRIN5 | N3 | YPIN12
B8 | RXOUTY | E13 | OERX K13 | XRIN6 | N4 | YPIN15
B9 | RX0UT3 | F1 | TCKY L1 |YPIN5 | N5 | YPINI7
B10 | RXOUT5 | F2 | GND 2 |[yrN7 | N6 | YPINTO
B11 | RXOUT7 | F3 | CLK 13 | GND N7 | YPIN21
B12 | RX0UT9 | F11 | vDD L4 | vbD N8 | YPIN22
B13 | RXoUT12| F12 [RxIN15 | L5 | YPIN14 | N9 | YPIN24
ci | PYOUTT | F13 [RXIN14 [ L6 |vDD N10 | YPIN26
c2 |pyout2 | 61 [ENPYT [ L7 |GND N11 | YPIN29
c3 | vbD G2 |ENPYO | L8 |vDD N12 | YPIN30
c4 | GND G3__| GND 19 [ YyPiN27 | N13 [ XRINO
Pin Descriptions
Pin Number
Pin Name MQFP CPGA/PPGA/ | Description
MPGA

Power, Ground and Clock

Vbob 1, 8, 20, 34, 42, |C3,E3,H3,L4,L6, | The TMC2330A operates from a single +5V supply. All
50, 61, 80, 84, 91, |L8,L11,F11, E11, | power and ground pins must be connected.
102, 110 C11,C8, C6
GND 4,10,13,16,28, | D3, E2, F2, G3, | Ground
31, 46, 64, 68,76, | K3, L3, L7, K11,
82, 88, 94, 98, J11,G11, E12,
106, 114,118 |D11,C10,C9,C7,
C5,C4
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TMC2330A

Pin Descriptions (continued)

Pin Number
Pin Name CPGA/PPGA/ | Description
MQFP MPGA

CLK 12 F3 The TMC2330A operates from a single clock. All enabled
registers are strobed on the rising edge of CLK, which is
the reference for all timing specifications.

Inputs/Outputs

XRIN45.9 79,78,77,75,74,| F12,F13,G13, | XRINy5o is the registered Cartesian X-coordinate or

73,72,71,70,69, | G12, H13, H12, | Polar Magnitude (Radius) 16-bit input data port. XRIN5 is
67, 66, 65, 63,62, | H11,J13,J12, | the MSB.
60 K13, K12, L13,
L12, M13, M12,
N13
YPIN31 58, 57, 56, 55,54, | L10,N12, N11, | YPIN3qq is the registered Cartesian Y-coordinate or Polar
53, 52, 51, 49, 48, IM10, L9, N10, M9, | Phase angle 32-bit input data port. The input phase
47,45,44, 43,41, | N9, M8, N8, N7, | accumulators are fed through this port in conjunction with
40, 39, 38, 37, 36, | M7, N6, M6, N5, | the input enable select ENYP4 5. When RTP is HIGH
35, 33, 32, 30,29, | M5, N4, L5, M4, | (Rectangular-To-Polar), the input accumulators are
27,26, 25, 24, 23, | N3, M3, N2, M2, | normally not used. The 16 MSBs of YPIN are the input
22, 21 N1, L2, M1, L1, | port, and the lower 16 bits become “don’t cares” if ACC = 00.
K2, J3, K1, J2, J1 | YPIN3; is the MSB.
RXOUT459 |83, 85,86,87,89,| D13,D12,C13, | RXOUT,5q is the registered Polar Magnitude (Radius) or
90, 92,93, 95,96, | B13, C12, A13, | X-coordinate 16-bit output data port. This output is forced
97,99, 100, 101, | B12, A12,B11, | into the high-impedance state when OERX=HIGH.
103, 104 A11,B10, A10, | RXOUT15 is the MSB.
B9, A9, B8, A8
PYOUT54 107, 108, 109, A7, A6, B6, A5, | PYOUT 5 is the registered Polar Phase angle or
111, 112, 113, B5, A4, B4, A3, | Cartesian Y-coordinate 16-bit output data port. This output
115, 116, 117, A2, B3, A1, B2, | isforced to the high-impedance state when OEPY=HIGH.
119,120, 2, 3,5, | B1,C2,C1,D2 | PYOUT5is the MSB.
6,7

Controls

ENXR 59 M11 The value presented to the input port XRIN is latched into
the input registers on the current clock when ENXR is
HIGH. When ENXR is LOW, the value stored in the
register remains unchanged.

ENYP4 o 17,15 G1, G2 The value presented to the YPIN input port is latched into
the phase accumulator input registers on the current
clock, as determined by the control inputs ENYP1 o, as
shown below:

Register Operation
ENYPip, M C
00 hold hold
01 load hold
10 hold load
11 clear load
where C is the Carrier register and M is the Modulation
register, and 0=LOW, 1=HIGH. See the Functional Block
Diagram.
6 REV. 1.1.8 10/31/00
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Pin Descriptions (continued)

Pin Number

Pin Name

MQFP

CPGA/PPGA/
MPGA

Description

RTP

11

E1

This registered input selects the current transformation
mode of the device. When RTP is HIGH, the TMC2330A
executes a Rectangular-To-Polar conversion. When RTP
is LOW, a Polar-To-Rectangular conversion will be
performed.

The input and output ports are then configured to handle
data in the appropriate coordinate system.

This is a static input. See the Timing Diagram.

ACC1

19, 18

H2, H1

In applications utilizing the TMC2330A to perform
waveform synthesis and modulation in the
Polar-To-Rectangular mode (RTP=LOW), the user
determines the internal phase Accumulator structure
implemented on the next clock by setting the accumulator
control word ACC; , as shown below:

ACC, ; Configuration

00 No accumulation performed (normal operation)
01 PM accumulator path enabled

10 FM accumulator path enabled

11 (Nonsensical) logical OR of PM and FM

where 0 = LOW, 1 = HIGH. See the Functional Block
Diagram.

The accumulator will roll over correctly when full-scale is
exceeded, allowing the user to perform continuous phase
accumulation through 2r radians or 360 degrees.

Note that the accumulators will also function when
RTP=HIGH (Rectangular-To-Polar), which is useful when
performing backward mapping from Cartesian to polar
coordinates. However, most applications will require that
ACC4  be setto 00 to avoid accumulating the Cartesian Y
input data.

TCXY

14

F1

The format select control sets the numeric format of the
Rectangular data, whether input (RTP=HIGH) or output
(RTP=LOW). This control indicates two’s complement
format when TCXY=HIGH and sign-and-magnitude when
LOW. This is a static input. See the Timing Diagram.

OVF

105

B7

When RTP=LOW (Polar-To-Rectangular), the Overflow
Flag will go HIGH on the clock that the magnitude of either
of the current Cartesian coordinate outputs exceeds the
maximum range. It will return LOW on the clock that the
Cartesian out-put value(s) return to full-scale or less. See
the Applications Discussion section. Overflow is not
possible in Rectangular-To-Polar mode (RTP = HIGH).

OERKX,
OEPY

81,9

E13, D1

Data in the output registers are available at the outputs of
the device when the respective asynchronous Output
Enables are LOW. When OERX or OEPY is HIGH, the
respective output port(s) is in the high impedance state.

REV. 1.1.8 10/31/00
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Absolute Maximum Ratings
(beyond which the device may be damaged)1

Parameter Conditions Min Typ Max Units
Supply Voltage -0.5 7.0 \
Input Voltage -0.5 Vpp + 0.5 \Y
Output Applied Voltage? -0.5 Vpp + 0.5 %
Externally Forced Current®# -3.0 6.0 \
Short-Circuit Duration Single output in HIGH state 1 sec
to ground
Operating Temperature -20 110 °C
Ambient Temperature -20 110 °C
Storage Temperature -65 150 °C
Junction Temperature 140 °C
Lead Soldering 10 seconds 300 °C
Notes:

1. Functional operation under any of these conditions is NOT implied. Performance and reliability are guaranteed only if
Operating Conditions are not exceeded.

2. Applied voltage must be current limited to specified range.
3. Forcing voltage must be limited to specified range.
4. Current is specified as conventional current flowing into the device.

Operating Conditions

Parameter Min Nom Max Units
Vb Power Supply Voltage 4.75 5.0 5.25 \Y
foLk Clock frequency TMC2330A 20 MHz
TMC2330A-1 40 MHz
trwh Clock Pulse Width, HIGH 7 ns
tpwL Clock Pulse Width, LOW 6 ns
ts Input Data Setup Time 6 ns
tH Input Data Hold Time 1 ns
ViH Input Voltage, Logic HIGH 2.0 \
Vi Input Voltage, Logic LOW 0.8 Vv
lon Output Current, Logic HIGH -2.0 mA
loL Output Current, Logic LOW 4.0 mA
Ta Ambient Temperature, Still Air 0 70 °C

8 REV. 1.1.8 10/31/00
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Electrical Characteristics

Parameter Conditions Min Nom | Max | Units
Ipp Power Supply Current | Vpp = Max, C pap = 25pF, foL kx = Max
TMC2330A 140 mA
TMC2330A-1 240 mA
lppu | Power Supply Current, | Vpp = Max, OERX, OEPY = HIGH,
Unloaded foLk = Max
TMC2330A 95 mA
TMC2330A-1 175 mA
Ippq | Power Supply Current, | Vpp = Max, CLK = LOW 5 mA
Quiescent
Cpin | /0 Pin Capacitance 5 pF
IH Input Current, HIGH Vpp = Max,V|y = Vpp 10 pA
n Input Current, LOW Vpp = Max,Viy=0V 10 pA
lozn | Hi-Z Output Leakage Vpp = Max,Viy = Vpp +10 pA
Current, Output HIGH
lozL | Hi-Z Output Leakage Vpp = Max,Vy=0V +10 pA
Current, Output LOW
los Short-Circuit Current -20 -80 mA
Von | Output Voltage, HIGH | Sy5.9, lon = Max 24 \Y%
VoL | Output Voltage, LOW S15.0, loL = Max 0.5 \Y
Switching Characteristics
Parameter Conditions’ Min Nom Max Units
tbo Output Delay Time CLoap =25 pF 16 ns
tho Output Hold Time CLoap =25 pF 3 ns
tena | Three-State Output Enable Delay CLoap =0 pF 13 ns
tois Three-State Output Disable Delay CiLoap =0 pF 13 ns
Note:
1. All transitions are measured at a 1.5V level except for tgyp and tps.
REV. 1.1.8 10/31/00 9
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Timing Diagrams
No Accumulation

tPWH

—-

/ o\

tS
l— tH

ACC[1:0]

ENXR,
ENYP[1:0]

XRIN[15:0],
YPIN[31:0]

RXOUT[15:0],
PYOUTI[15:0]

Note: OERX = OEPY = LOW

Phase Modulation

24

25

RTP, TCXY

ACC[1:0]

ENXR
XRIN[15:0]
ENYP[1:0]

YPIN[31:0]

RXOUT[15:0]
PYOUT[15:0]

Notes:
OERX = OEPY = LOW
Carrier C and amplitude R loaded on CLKO.

akrwd=

To modulate amplitude, vary XRIN with ENXR = 1.

Applications Discussion

Numeric Overflow

Because the TMC2330A accommodates 16-bit unsigned
radii and 16-bit signed Cartesian coordinates, Polar-To-
Rectangular conversions can overflow for incoming radii
greater than 32767= 7FFFh and will overflow for all incom-
ing radii greater than 46341=B505h. (In signed magnitude
mode, a radius of 46340 = B504h will also overflow at all
angles.) The regions of overflow and of correct conversion
are illustrated in Figure 1.

Modulation Values |, J, K, L... Loaded on CLK1, CLK2, etc.
Output corresponding to modulation loaded at CLKi emerged tDO after CLKi + 21.

c+1 K2+ I sc+ K K ac +L

In signed magnitude mode, overflows are circularly symmet-
rical—if a given radius overflows at an angle P, it will also
overflow at the angles n-P, m+P, and -P. This is because -X
will overflow if and only if X overflows, and -Y will over-
flow if and only if Y overflows.

In two’s complement mode, the number system’s asymmetry
complicates the overflow conditions slightly. An input vector
with an X component of -32768=8000h will not overflow,
whereas one with an X component of +32768 will. Table 3
summarizes several simple cases of overflow and near-over-
flow.

10
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Table 3a. X-Dimensional Marginal Overflows

TC YPIN ov RXOUT CORRECT X
0 | 0000=0 | 1 | 0000 =+0 +32768
0 | 8000=n | 1 | 8000=-0 -32768
1]0000=0 | 1 | 8000=-32768 +32768
1 |8000== | O | 8000 =-32768 -32768

In all cases, RTP=0 (Polar-To-Rectangular mode) and
XRIN=8000 (incoming radius=32768).

Table 3b. Maximal Overflow (Radius In=65535)

TC YPIN ov RXOUT CORRECT X
0 | 0000=0 | 1 | 7FFF =+32767 +65535
0 |8000=n | 1 | FFFF=-32767 -65535
110000=0 |1 |FFFF=-1 +65535
118000=n | 1 | 0001=+1 -65535

In all cases, RTP=0 (Polar-To-Rectangular mode) and
XRIN=7FFF (incoming radius=65535, which will always

overflow).

Numeric Underflow

In RTP=1 (Rectangular-To-Polar) mode, if XRIN=YPIN=0, the
angle is undefined. Under these conditions, the TMC2330A
will output the expected radius of 0 (RXOUT= 0000) and an
angle of 1.744 radians (PYOUT=4707). This angle is an artifact
of the CORDIC algorithm and is not flagged as an error,
since the angle of any O length vector is arbitrary.

/2

65535

32767

Performing Scan Conversion with
the TMC2330A

Medical Imaging Systems such as Ultrasound, MRI, and
PET, and phased array Radar and Sonar systems generate
radial-format coordinates (range or distance, and bearing)
which must be converted into raster-scan format for further
processing and display. Utilizing the TMC2302A Image
Resampling Sequencer, a minimum chipcount Scan Con-
verter can be implemented which utilizes the trigonometric
translation performed by the TMC2330A to backwards-map
from a Cartesian coordinate set into the Polar source image
buffer address space.

As shown in Figure 2, the TMC2330A transforms the Carte-
sian source image addresses from the TMC2302A directly to
vector distance and angle coordinates, while the TMC2302A
writes the resulting resampled pixel values into the target
memory in raster fashion. Note that the ability to perform
this spatial transformation in either direction gives the user
the freedom to process images in either coordinate space,
with little restriction. Image manipulation such as zooms or
tilts can easily be included in the transformation by program-
ming the desired image manipulation into the TMC2302A’s
transformation parameter registers.

X =R (Cos 0)

Y =R (Sin 6)

and

R=VX2+Y2

32767

I
65535

6=Tan™1 (Y/X)

If R < 32767, overflow will not occur (Region A).
If R > 32767, overflow will not occur (Region B) if IXI < 32767 and |Y| < 32767.
If R > 32767, overflow will occur (Region C) if IXI > 32768 or |Y| > 32768.

Figure 1. First Quadrant Coordinate Relationships

REV. 1.1.8 10/31/00
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PRODUCT SPECIFICATION

TMC2330A
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Figure 2. Block Diagram of Scan Converter Circuit Utilizing TMC2330A and TMC2302A Image Resampling Sequencer

Arithmetic Error for Two’s
Complement Rectangular to Polar
Conversion

A random set of 5000 input vector coordinate pairs (X,Y),

uniformly spread over a circle of radius 32767 was converted
to polar coordinates.

Radius Error Range —0.609 to 0.746 LSB
Mean Radius Error 0.019 LSB
Mean Absolute Radius Error 0.252 LSB

-1.373 to 1.469 LSB
0.058 LSB
0.428 LSB

Phase Error Range
Mean Phase Error
Mean Absolute Phase Error

Statistical Evaluation of Double
Conversion

In this empirical test, 10,000 random Cartesian vectors were
converted to and from polar format by the TMC2330A. The
resulting Cartesian pairs were then compared against the
original ones. The un-restricted database represents uniform
sampling over a square bounded by -32769<x<32768 and
-32769<y<32768.

The results of the 10,000-vector study were as follows:

Mean Error (X) +0.0052LSB
Mean Error (Y) 0.0031LSB
Mean Absolute Error (X) 0.662LSB
Mean Absolute Error (Y) 0.664LSB
Root Mean Square Error (X) 1.025LSB
Root Mean Square Error (Y) 1.020LSB
Max Error (X) +4/-5LSB
Max Error (Y) +5-4 LSB

Since this is a double conversion (rectangular to polar and
back) which includes a wide variety of “good case” and “bad
case” vectors, the chip should perform even better in many
real systems. Repeating the experiment and restricting the
original data set to an annulus defined by 8196<R<32768
reduced the mean square error to 0.89 LSB and the peak
error to #4 LSB (x or y). These latter results are more ger-
mane to synthesizer, demodulator, and other applications in
which the amplitude can be restricted to lie between quarter
and full scale. The largest errors tend to occur in the angle
component of small radius cartesian-to-polar conversion.

12
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PRODUCT SPECIFICATION

Equivalent Circuits

Vbp
Vbb o)
O
—e
— P A
P
Digital —O gftﬁjlt
Input g
1 ey N A
e " |
|_.
i =
- GND
GND

Figure 4. Equivalent Output Circuit

Figure 3. Equivalent Input Circuit

tENA
OERX, OEPY
bis 0.5V I
Three-State | 7C 2.0V
Y
Outputs T High Impedance ALO'SV
0.5V

Figure 5. Transition Levels for Three-State Measurements
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PRODUCT SPECIFICATION

TMC2330A

Mechanical Dimensions

120-Lead CPGA Package

Inches Millimeters Notes:
Symbol - - Notes 1. Pin #1 identifier shall be within shaded area shown.
Min. Max. Min. Max. L o
2. Pin diameter excludes solder dip finish.
A 080 160 2.03 4.06 3. Dimension "M" defines matrix size.
Al 040 060 1.01 1.53 4. Dimension "N" defines the maximum possible number of pins.
A2 125 .215 3.17 5.46 . . o . .
oB 016 020 0.40 051 > 5. Or|entat.|on p.ln is a.t sup.>pl|ers option.
oB2 050 NOM. 127 NOM. > 6. Controlling dimension: inch.
D 1.340 1.380 33.27 35.05 SQ
D1 1.200 BSC 30.48 BSC
e .100 BSC 2.54 BSC
L .110 .145 2.79 3.68
L1 170 .190 4.31 4.83
M 13 13 3
N 120 120 4
P .003 — .076 —
1 t
A2 *l | + ?
y ” A1 3
L—f _>||<— oB —| |- gB2
| D |
| | + P
el @@@@@@@@@@@@@T_*
T-@@@@@@@@@@@@@
[cNCRONCNONCNONONONONONONC]
® 006 ® 066
[CNCNC] [ONCNC]
) ® e 0O [ONCNG]
ggsit\;’m Dl |eee ©0 0
[ONCNC] [ONCNG]
©@ @0 [ONCNC]
@ @0 [ONONONO]
[ONCNONONONONONONONONONONO]
[ORCNCNCNONONONONCONONONCNO]
[CNCRONCONONCNONONONONONONC]

TL Pin 1 Identifier
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PRODUCT SPECIFICATION

TMC2330A

Mechanical Dimensions

120-Lead PPGA Package

Inches Millimeters Notes:
Symbol - - Notes 1. Pin #1 identifier shall be within shaded area shown.
Min. Max. Min. Max. o o
2. Pin diameter excludes solder dip finish.
A .080 .160 2.03 4.06 . - ’ L
3. Dimension "M" defines matrix size.
Al 040 060 1.01 1.58 4. Dimension "N" defines the maximum possible number of pins.
A2 125 .215 3.17 5.46 . . L. L .
e 016 020 0.40 0.51 5 5. Orlentat.|on p'ln is a.t su?pllers option.
2B2 050 NOM. 127 NOM. > 6. Controlling dimension: inch.
D 1.340 1.380 33.27 35.05 SQ
D1 1.200 BSC 30.48 BSC
e .100 BSC 2.54 BSC
L 110 .145 2.79 3.68
L1 170 190 4.31 4.83
M 13 13 3
N 120 120 4
P .003 —_ .076 —_
' 1
A2 +I |__ ¥ ’:
sl
LJ —>||<— oB —| |- oB2
| D |
| | * P
0] @@@@@@@@@@@@@TT
T-@@@@@@@@@@@@@
[CHONONONONONONONONORONONO)
[CHCNO] [ONONC]
® e [ONON©]
. ® e ©®@ © 06
(T:gsit\)//'m Dl |eoeo © 00
[CCNO] ©® 06
[OCHO] [ONON0]
[CNCNO] [CHCHONOC]
[ONCNONONONONONONONORONONO)
[ONCNONONONONONONONORONONO)
[CNONONORONONONONONONONONC)

TL Pin 1 Identifier
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PRODUCT SPECIFICATION

TMC2330A

Mechanical Dimensions

120-Lead Metric Quad Flat Package to Pin Grid Array Package (MPGA)

Inches Millimeters Notes:
Symbol - - Notes 1. Pin #1 identifier shall be within shaded area shown.
Min. Max. Min. Max. L o
2. Pin diameter excludes solder dip finish.
A .309 311 7.85 7.90 . . ' L
A 145 155 2.08 3.9 3. Dimension "M" defines matrix size.
- - - - 4. Dimension "N" defines the maximum possible number of pins.
A2 080 .090 2.03 2.29 5. Orientation pin is at supplier's option
A3 050 TYP. 1.27 TYP. ' 1on PIn IS & SUpp ption-
2B 016 | 020 0.40 | 0.51 > 6. Controlling dimension: inch.
oB2 .050 NOM. 1.27 NOM. 2
D 1.355 | 1.365 | 3442 | 3467 | sa
D1 1.200 BSC 30.48 BSC
e .100 BSC 2.54 BSC
L 175 | 185 | 445 | 470
M 13 13 3
N 120 120 4
i i h
A1 [ | ‘
v Y
Aty
- L
oB2 oB e
| ° | +
r——— - — — = 9 El@)@@@@@@@@@@@@
| | T@@@@@@@@@@@@@
[CNCHNCNCNCNCONONONCONCONONONG]
| | 00 ® 00
| | [CNCNC) ® 06
| CADEKA | ©o0 ©00
| TMC2330A | L] |eee © o0
© © © © © ©
I I 00 @00
[ [ @00 © 00606
| | [CNCHNCNCNCNCNONONCONCONONONG]
[CNCHNCNCNCNCONONONCONCONONONG]
L - - [CNCHNCNCNCNCNONONCONCONONONG]
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TMC2330A

PRODUCT SPECIFICATION

Mechanical Dimensions

120-Pin MQFP Package

Inches Millimeters
Symbol Notes
Min. Max. Min. Max.
A — .154 — 3.92
A1 .010 — .25 —
A2 125 144 3.17 3.67
B .012 .018 .30 .45 3,5
C .005 .009 13 .23 5
D/E 1.219 1.238 30.95 31.45
D1/E1 1.098 1.106 27.90 28.10
e .0315 BSC .80 BSC
L .026 .037 .65 .95 4
N 120 120
ND 30 30
o 0° 7° 0° 7°
cce — .004 — .10

PIN 1 IDENTIFIER

Notes:

1.
2.
3.

0.063" Ref (1.60mm) —»

LEAD COPLANARITY
[=[cce[C]

All dimensions and tolerances conform to ANSI Y14.5M-1982.

Controlling d

imension is millimeters.

Dimension "B" does not include dambar protrusion. Allowable
dambar protrusion shall be .08mm (.003in.) maximum in excess
of the "B" dimension. Dambar cannot be located on the lower

radius or the

"L" is the length of terminal for soldering to a substrate.

"B & "C" incl

foot.

udes lead finish thickness.

|« .20 (.008) Min.

0° Min.
~—

.13/.30

(1],

.005/.012 R

c i

Lead Detal

s =

.13 (.005) R Min.

REV. 1.1.8 10/31/00
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PRODUCT SPECIFICATION

TMC2330A

Ordering Information

Product Number Tergzz:teure Z’:::: Screening Package ll:\’llaacrll((?r?ge
TMC2330AG1C 0° to 70°C 20 MHz | Commercial |120-Pin Ceramic Pin Grid Array| 2330AG1C
TMC2330AG1C1 0°to 70°C 40 MHz | Commercial |120-Pin Ceramic Pin Grid Array | 2330AG1CA1
TMC2330AH5C 0°to 70°C 20 MHz | Commercial | 120-Pin Plastic Pin Grid Array | 2330AH5C
TMC2330AH5C1 0° to 70°C 40 MHz | Commercial | 120-Pin Plastic Pin Grid Array | 2330AH5C1
TMC2330AH6C 0°to 70°C 20 MHz | Commercial |120 Lead Metric Quad FlatPack N/A

to Pin Grid Array
TMC2330AH6C1 0°to 70°C 40 MHz | Commercial |120 Lead Metric Quad FlatPack N/A

to Pin Grid Array
TMC2330AKEC 0°to 70°C 20 MHz | Commercial | 120-Pin Metric Quad FlatPack | 2330AKEC
TMC2330AKECH1 0° to 70°C 40 MHz | Commercial | 120-Pin Metric Quad FlatPack | 2330AKEC1

For additional information regarding our products, please visit CADEKA at: cadeka.com

CADEKA Headquarters Loveland, Colorado
T: 970.663.5452
T: 877.663.5452 (toll free)

CADEKA, the CADEKA logo design, COMLINEAR and the COMLINEAR logo design are trademarks or registerad trademarks of CADEKA

Microcircuits LLC. All other brand and product names may be trademarks of their respective companies.

CADEKA reserves the right to make changes to any products and services herein at any time without notice. CADEKA does not assume any
responsibility or liability arising out of the application or use of any product or service described herein, except as expressly agreed to in

writing by CADEKA; nor does the purchase, lease, or use of a product or service from CADEKA convey a license under any patent rights,
copyrights, trademark rights, or any other of the intellectual property rights of CADEKA or of third parties.

Copyright ©2007-2008 by CADEKA Microcircuits LLC.  All rights reserved.
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