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PDSP16112/PDSP16112A

16 x 12 BIT COMPLEX MULTIPLIER
(Supersedes version in December 1993 Digital Video & Digital Signal Processing IC Handbook, HB3923-1 )
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Fig. 2 Mutltiplier block diagram
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PDSP16112/A

PIN OUT - FUNCTION TO PIN (PGA Package - AC120)

Symbol Pin No. Symbol Pin No. Symbol Pin No. Symbol Pin No.
PRoOO D13 PRO9 A11 Pioo D1 P09 B4
PRO1 D12 PR10 cio PlO1 D2 P10 Ad
PRo02 Cc13 PR11 B10 Pio2 C1 P11 Ccs
PRO3 B13 PR12 A10 Pio3 B1 P2 B5
PR04 D11 PR13 (o7:] Plo4 D3 P13 AsS
PROS c12 PR14 B9 Plos c2 Pi14 (o]
PRo6 A12 PR15 A9 Pl06 B3 P15 Bé
PRo7 C11 PR16 cs Plo7 A3 Pl16 A6
PRo8 B11 CLK L7 Plog c4 CLK B7
XR00 F12 Xloo Et YROO M8 YIo0 Mé
XRo1 F13 Xio1 F3 YRO1 L8 Yio1 L6
XRo2 G13 Xio2 F2 YRO02 N9 Yio2 N5
XRo3 G111 Xio3 F1 YRO03 Mo Ylo3 M5
XR04 G12 Xlo4 G2 YRo04 L9 Yio4 Ls
XR05 H13 Xlos G1 YRO5 N10 Ylos N4
XR06 H12 Xloé H1 YRO6 M10 Yioé M4
XRo7 H11 Xio7 H2 YRo7 L10 Ylo7 L4
XRo8 J13 Xios H3 YRO8 N11 Yio8s N3
XR09 J12 XI09 J1 YRO9 M11 Y109 M3
XR10 J11 X110 J2 YR10 L11 YI10 L3
XR11 K13 X1 J3 YR11 L12 Yiti K3
XR12 Ki2 X2 K1 NC B2 NC Mi2
XR13 L13 Xi13 K2 NC L2 NC M2
XR14 M13 X114 L1 vCcC Al NC Ei1
XR15 K11 Xi1s M1 vCC G3 NC Cc3
GND Ni2 GND c7 VCC E2 GND N8
GND N7 GND A2 vCcC A13 GND N6
GND M7 GND E12 vCC E13 GND F11
GND N2 GND E3 VCC N1 IC B8
GND A8 GND B12 VCC N13 IC A7
NOTE
IC = Internally connected - do not connect to these pins.
All inputs are internally connected to Vee by 10k (nominal) resistors.
PIN OUT - PIN TO FUNCTION (PGA Package - AC120)
1 2 3 4 5 6 7 8 9 10 11 12 13
A VCC GND PI07 PHO PH3 PH6 IC GND PR15 PRi2 PR09 PRO6 VCC
B PIo3 NC PIO6 Plo9 PH2 PH5 CLK IC PRi4 PR11 PRO8 GND PRO3
Cc PI02 Plo5 NC P08 Pl1 P4 GND PR16 PR13 PR10 PRO7 PRO5 PRO2
D PloO  PIO1  Plo4 PR0O4 PRO1 PROO
E Xi00 VCC GND NC GND vcC
F X032  Xi02 Xio1 GND XR00 XRO1
G Xio5 Xio4 VCC XR03 XR04 XRO2
H X6 X107 Xios XR07 XR06 XRO5
J Xlog X110 Xt XR10 XR09 XRO8
K XH2 XH3 YW1 XR15 XR12 XRHi
L Xl14 NC YHO Yi07 Yio4 Yio1 CLK YRO1 YRO4 YRO7 YRIO YR11 XR13
M XH5 NC Y09 YIO6 Y03 Y00 GND YROO YRO3 YRO6 YRO2 NC XRi4
N VCC GND YIo8 YIO5 Y02 GND GND GND YR0O2 YR0OS YR08 GND VCC
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PIN OUT - PIN TO FUNCTION (PGA Package - AC120)

PDSP1611

2/A

GG SIG GG SIG GG sIG GG SIG
84 PROO 95 PR09 8 Ploo 115 Pl09
85 PRO1 96 PR10 7 Pio1 114 Pi10
86 PR02 97 PR11 6 Plo2 113 P11
87 PR03 98 PR12 5 PI03 112 P12
a8 PRO4 99 PR13 4 Pio4 111 PI3
89 PRO5 100 PR14 3 Plos 110 Pl4
92 PR06 101 PR15 118 Plo6 109 PI1s
93 PRo07 102 PR16 117 Plo7 108 PI16
94 PR08 46 CLK 116 Plog 105 CLK
79 XR00 11 X100 49 YROO 43 Y100
78 XRo1 12 Xlo1 50 YRO1 42 Ylo1
77 XR02 13 Xlo2 51 YRO2 4 Yio2
76 XR03 14 Xlo3 52 YRO3 40 Yio3
75 XR04 15 Xlo4 53 YR04 39 Ylo4
74 XR05 17 Xlos 54 YROS 38 Ylos
73 XR06 18 Xl06 55 YRO06 37 Yio6
72 XRo7 19 Xlo7 56 YRO7 36 Yio7
71 XR08 20 XI08 57 YRO08 35 Yio8
70 XR09 21 Xlog 58 YR09 34 Y09
69 XR10 22 Xi10 59 YR10 33 Yo
68 XR11 23 X1 63 YR11 28 Yiit
67 XR12 24 XH2 1 N/C 29 N/C
66 XR13 25 X113 16 N/C 31 N/C
65 XR14 26 X114 2 vcec 61 N/C
64 XR15 27 Xns 10 vcc 83 N/C
9 GND 45 GND 30 vcec 44 GND
32 GND 47 GND 62 VCC 48 GND
60 GND 104 GND 81 vCcC 80 GND
82 GND 106 GND 90 vCC 103 vc
91 GND 120 GND 119 N/C 107 vc

N/C = Nat connected - leave open circuit

V/C = Internally connected - leave open circuit

All GND and VDD pins must be used
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PDSP16112/A

PIN DESCRIPTION

XRO00 - XR15 | X Real inputs : Two's Complement Format PROO - PR16 | P Real Inputs : Two's Complement Format
XR15 = MSB (Sign) XR00 = LSB PR16 = MSB (Sign) PR00 = LSB
For Fractional Arithmetic the For Fractional Arithmetic the
Weighting of XR15 = 1 i.e. -1 <XR<1 Weighting of PR16 = 2 i.e. -2 <PR<2

X100 - X115 X Imag Inputs : Two's Complement Format PIOO - Pl16 P imag Outputs : Two's Complement Format
X115 = MSB (Sign) X100 = LSB P116 = MSB (Sign) PI00 = LSB
For Fractional Arithmetic the For Fractional Arithmetic the
Weighting of X115 = 1 i.e. -1 <Xi<1 Weighting of PI16 = 2 i.e. -2 <Pl<2

YROO - YR11 Y Real Inputs : Two's Complement Format CLK pin B7 Common Clock to all on chip registers,
YR11 = MSB (Sign) YR00 =LSB and Pin L7 both pins must be connected
For Fractional Arithmetic the
Waeighting of YR11 = 1 i.e. -1 <YR<1 VvCC Al VCC and GND pins must

GND be connected

YI00 - Yi11 ¥ Imag Inputs : Two's Complement Format
Yl = M£B (Sign) YI00 =LSB ic Internally connected - do not use
For Fractional Arithmetic the
Weighting of YI11 = 1 i.e. -1 sYl<1

FUNCTIONAL DESCRIPTION

The PDSP16112 Complex Muitiplier contains four
pipeline 16 x 12 Array Multipliers, a 17-bit adder and a 17-bit
subtractor.

The multipliers accept data from the XR, XI, YR, and Y|
inputs and perform the four muitiplies necessary to implement
a Complex Multiply Operation.

(XR x YR, XRx Yl XIx YR, Xi x Yl).

The 28-bit results from these operations areroundedto the
most significant 16-bits before being passed to the adder and
subtractor. The subtractor calculates

(XR x YR) - (XIx YI)

to form a 17-bit result representing the real result of the
complex muttiplication. The adder calculates

(XR x YI) + (XI x YR)

to form a 17-bit result that represents the imaginary result of
the complex muttiplication. These real and imaginary results
are passed to the PR and Pl outputs respectively.

The add and subtract operations may (depending upon
the data) cause the multiplier results to grow by one bit hence
requiring 17-bit outputs to represent the results. The
PDSP16112 is designed to operate with two's complement
arithmetic, hence if the Fractional two's complement format is
used the outputs will lie in the range

-2 <P<2
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for inputs in the range
-1 <X or Y<1
If the output magnitude lies in the range
-1 <P<«1,

then the 17th (MSB) bit of the outputs will duplicate the 16th
(Sign) bit of the output.
In common with other Array multipliers, the operation

-1x-1

will yield an incorrect result for fractional two's complement
formats, and hence should be avoided.

Both X and Y inputs are registered as are the PR and Pi
outputs. Onthe rising edge of CLK data present onthe XR, XI,
YR and Yl inputs is clocked into the input registers. At the
sametime a new resutt is clocked into the output registers and
made available on the PR and P1 output ports.

Pipelined Operation

The internal Multiply and Add operations are divided into
stages by six internal pipeline registers giving a total latency
through the device of eight clock cycles. This means that the
result from data loaded into the device on the first clock cycle
appears at the outputs during the seventh clock cycle, and
may be loaded into another device on the eigth clock cycle.
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PDSP16112/A
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Fig.3 Pipeline multiplier structure
TYPICAL APPLICATION

The PDSP16112A may be configured as the main
arithmetic element in the FFT Butterfly calculation. A single
PDSP16112A together with two PDSP16318As will produce
an arithmetic processor capable of executing a new Radix 2
DIT Butterfly every 50ns using 16-bit data and 12-bit
coefficients. The PDSP168318A provides flags that monitor
the magnitude of the output data, together with on chip shift
circuits.

A single Butterfly processor of this type will allow the
following FFT benchmarks.

1024 point complex radix 2 transform in 256usecs
§12 point complex radix 2 transform in 115usecs
256 point complex radix 2 transform in S1psecs

The arithmetic operation required to realise a radix 2
decimation in time algorithm is as follows.

A A
A'=A+(BxWw)
B'=A-(BxW)

w
/
B B

Where A and B are the data inputs, A’ and B’ are the data
outputs, and W is the coefficient. A,B,A",B' and W are all
complex numbers i.e. they all have real and imaginary
components. The Butterfly therefore requires one complex
multiply and two complex adds to execute, which is equivalent
1o four real multiplies and six real adds.

Fig.4 illustrates the interconnection of the PDSP16112A
with the two PDSP16318A Complex Accumulators. The
PDSP16112A performs the complex multiply operation atthe
full 20MHz rate to provide the real and imaginary components
ofthe (B x W) to the two ALUs. The PDSP16318A is capable
of 16-bit operations at 20MHz and has on chip register storage
and Shifter. In every 20MHz cycle each PDSP16318A
performs two arithmetic operations to calculate the real or
imaginary parts of A + (B x W) and A - (B x W). One of the
PDSP16318As calculates the real parts and the other
calculates the imaginary parts.

For greater throughput one chip-set mat be allocated to
each column of the FFT. For example, a 1K complex FFT
could be calculated by 10 chip-sets every 26us.
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PDSP16112/A
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Fig.4 Radix 2 DIT butterfly processor

ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated):
T, mp (Industrial) =-40°C to +85°C, Vec = 5.0V + 10%, GND = 0V

Tomp (Military) =-55°C to +125°C, Vce = 5.0V £ 10%, GND = 0V
Tamb (Commercial) = 0°C to +70°C, Ve = 5.0V + 5%, GND = 0V

Static Characteristics

Value
Characteristics Symbol PDSP16112 PDSP16112A Units Conditions

Min. | Typ. | Max. | Min. | Typ. | Max.

Output high voltage Vou 24 24 v loy = 4mA

Output low voltage Vo 0.6 0.6 v lo, = ~-4mA

Input high voltage Viu 2.8 28 v

input low voltage A 0.8 0.8 v

Input leakage current * e -1.2 +0.01 | -1.2 +001 | mMA | GNDsV, sV

Output short circuit current bos 30 200 40 200 mA | V. =max

Input capacitance (o} 10 10 pF

* All inputs have a nominal 10K pull resistor to Vee.
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AC Characteristics

PDSP16112/A

Value Value
Industrial Miiitary
Characteristic Symbol | PDSP16112 PDSP16112A Units | Conditions
Min. | Typ. |Max.| Min. | Typ.|Max.| Min. Typ.

Vee current lec 90 170 90 mA Vec = max
Qutputs unloaded
fo i = max

Max. CLK frequency fork 10 20 10 MHz

Min. CLK frequency DC DC DC

Input setup time tsu 30 20 30 ns

Input hold time tin 5 5 5 ns

CLK to output delay td 5 50 5 30 5 50 ns

CLK Mark/Space ratio 40 60 | 40 60 40 80 %

Drive capability 2 x LSTTL +20pF

ABSOLUTE MAXIMUM RATINGS (Note 1)
Package power dissipation Prot 1000mW

Supply voltage Vcc -0.5Vto 7.0V
Input voltage Vin -0.5V to Vcc +0.5V
Output voltage Vout -0.5V to Vec +0.5V
Clamp diode current per Ik (see Note 2) +18mA
Static discharge voltage 500V
Storage temperature range Ts -65°C to +150°C
Junction temperature 150°C
Ambient temperature with
power applied Tam
Commercial 0°C to +70°C
Industrial -44°C to +85°C
Military -55°C to +125°C
ORDERING INFORMATION

Commercial (0°C to +70°C)
PDSP16112 CO0 AC (10MHz - PGA)
PDSP16112A CO0 AC (20MHz - PGA)
PDSP16112A CO0 GG (20MHz - QFP)
Industrial (-40°C to +85°C)
PDSP16112 B0 AC (10MHz - PGA)

PDSP16112A BO AC (20MHz - PGA)
PDSP16112A BO GG (20MHz - QFP)

B 3768522 0024450 7?62 WA

NOTES

1. Exceeding these ratings may cause permanent damage.
Functional operation under these conditions is not implied.

2. Maximum dissipation or 1 second should not be exceeded, only
one output to be tested at any one time.

3. Exposure to absolute maximum ratings for extended periods may
affect device reliability.

THERMAL CHARACTERISTICS

Qua °C/W
35

Guc °C/W

Package Type
AC 12

Military (-55°C to +125°C)
PDSP16112 A0 AC (10MHz - PGA)
PDSP16112A A0 AC (20MHz - PGA)
PDSP16112A A0 GG (20MHz - QFP)

Call for availability on High Reliability parts and MIL-883C
screening.
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