Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



HSP43216

Pinouts
85 PIN PGA
TOP VIEW
11 10 9 8 7 6 5 4 3 2 1
_ | Bout | Bout | BouT | BOUT | BOUT| GND | BouT| BOUT| Voo | anD | RNDT| |
15 13 12 10 8 ) 1
aouT | aout | Bour | BOUT | BouT| BOUT | BOUT| BOUT| BEB
K 2 ! o o A ! A UT| OEB | RND2 | BIN1S| K
;| AouT| acut BOUT | BOuT | BOUT anpo| BiN1a|
3 1 7 6 2
H | eno |aouTa BIN13 | BIN12| 4
G |aout7|aouts|aouTs BINg | BIN10| BING | g
F|A%T |aouTs|aouTe BIN7 | BIN6 | BIN11| [
aouT | aout | Aout
N et 15 13 BIN3 | BINA | BINS | E
AouT | aout
o |A% o BINT | BIN2 | p
OEA INDEX | USB/
c |anp | oEA AINg | AIN10| AIN14 PN | tse | BN | ¢
B | Vec | AINo | AINT | AIN4 | AIN7 | AIN6G | AIN13 MOODE CLK |SYNC % B
A | FMT | An2| An3 | AiNs | Ains | AIN11] AIN12 | AIN15 [MODE1| GND | vee | A
11 10 9 8 7 6 5 4 3 2 1 PIN'AT
ID
85 PIN PGA
BOTTOM VIEW
1 2 3 4 5 6 7 8 9 10 11
BoUT | BouT | BouT | BOUT
L | rND1| aND | vee |BouTi|BOUT4| GND |BOUTS| 95 2 73 5 L
k | BiN15| RND2| OEB |BouTo|BOUTS|BOUTS|BOUTS| BYYT | BOUT | AcUTO| AOUTZ| K
4 | BIN1a | RNDO BouT2| BOUTE|BOUT? aouTi|aouTs|
H | BiNi2] BINtS aoutal GND | 4
c | BINe | BINTO | BINB aouTs| aouTs| aout?| g
¢ | BiNt1] BiNG | BIN7 aouTe|aouts| ACYT |
10
aout | aout| aout
g | Bins | BINg | BINS 13 32 11 E
aout | aout
p | sin2]| BNt 15 % D
USB/ | INDEX SER
c | Bmo | 528 | "N AIN14 | AIN10 | AINg OEA|GND | ¢
[T/ —
B | exr |SYNC | cLk |mopeo| aN13 | ANe | AIN7 | AINa | ANt | AINO | Voo | B
A | Voo | GND |MoDE1] AIN1s | AIN12 | AINT1| AINg | AINs | AINS | AIN2 | FMT | 4
PIN‘AT" 4 2 3 4 5 6 7 8 9 10 11
ID
)

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




HSP43216

Pinouts (continued)
100 LEAD MQFP

SYNC
USB/LSB
INT/EXT
BINO
BIN1
BIN2
BIN3
BIN4
BIN5S
BING6
BIN7
BIN8
BIN9
BIN10
BIN11
BIN12
BIN13
BIN14
BIN15
RNDO
RND1
NC
NC
NC
NC

1
2
3
4
5
6
7
8

[}
b
=Y
F=)

BOUT10 []
BOUT11
BOUT12 []
BOUT13 []

()]

BOUT14 []
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HSP43216

Pinouts (continued)

84 LEAD PLCC
TOP VIEW

SYNC FMT
USB/LSB OEA
INT/EXT Vee
BINO GND
BIN1 AOUT15
BIN2 AOUT14
BIN3 AOUT13
BIN4 AOUT12
BIN5 AOUT11
BING AOUT10
BIN7 AOUT9
BINS AOUTS
BIN9 AOUT7
BIN10 AOUT6
BIN11 AOUTS
BIN12 GND
BIN13 AOUT4
BIN14 AOUT3
BIN15 AOUT2
RNDO AOUT1
RND1 AOUTO
Pin Description
NAME TYPE DESCRIPTION
Voo - +5V Power
GND - Ground
CLK | Clock Input. (CMOS LEVEL)
AINO-15 | Input Data Bus A. AINO is the LSB. Input data format is 16-bit Two’s Complement.
BINO-15 | Input Data Bus B. BINO is the LSB. Input data format is 16-bit Two’s Complement.
MODEO-1 | The Mode Select Inputs set one of four operational modes as highlighted in Table 1.
INT/EXT | The Internal\External multiplexer select inputs set whether the data multiplex/demultiplex function required in the
various operational modes is performed internally (High State) or externally to the chip (Low State).
SYNC | This input is used to synchronize the input sample stream with the zero degree phase of the up or down convert
Local Oscillators. In the straight decimate modes, this input can be use to synchronize the input sample stream with
a particular phase of the halfband filter. (See the Operational Modes Section for additional information)
USB/LSB | The Upper and Lower Sideband select line is used to specify the direction of frequency translation imparted on the
data stream in the Down Convert and Decimate Mode and in the Quadrature to Real Convert Mode. (See
Operational Modes Section for additional information)
RNDO-2 | The Round Select inputs set the number of output bits from eight (RND = 000) to sixteen (RND = 110). Least sig-
nificant output bits are zeroed. See Table 4.
OEA | Three-State Control Output Bus A, OUTAO-15. Active Low.
OEB | Three-State Control Output Bus B, OUTBO-15. Active Low.
FMT | The Format select input is used to convert the two’s complement output to offset binary (unsigned). When asserted
high, the AOUT15 and BOUT15 bits are inverted from the normal two’s complement representation.
AOQUTO-15 o Output Bus A. AOUTO is the LSB.
BOUTO-15 (o] Output Bus B. BOUTO is the LSB.
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HSP43216
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HSP43216

Operational Modes ing upon whether the coefficients were derived from the even
. . or odd indexed coefficients of the original transversal filter.
Decimate By 2 Filter Mode (Mode1-0 = 00) This architecture only produces the outputs which are not dis-

carded by the decimation process. NOTE: Since the only
non-zero tap for a halfband filter is the center tap, the
Odd Tap Filter reduces to a delay and multiply operation.

The concept of operation for Decimate by Two Filter mode is
most easily understood by comparing the 7 tap transversal
filter implementation to the equivalent polyphase implemen-
tation. The transversal implementation is shown in Figure 5. The operation of the HSP43216 in Decimate by Two mode is
analogous to the polyphase implementation in Figure 6. In
this mode, the internal data paths are routed as shown in

Figure 7A and Figure 7B. The different data flows depend on
X3.X2.X1.X0 ., Y1,Y0 .,Y4,Y2,YO ) ) ;
RERT " T 1 A 12 R whether internal or external multiplexing has been selected
b b using the INT/EXT control input. In either case, an input data
C0C1C2C3C4C5Co6 stream is decomposed into even and odd sample streams
Y(0) = XO(CO)+X1(C1)+X2(C2)+X3(C3)+ X4(C4)+X5(C5)+ X6(C6) which are then routed to the even and odd tap polyphase fil-
F Y(1) = X1(C0)+X2(C1)+X3(C2)+X4(C3)+X5(C4)+X6(C5)+X7(C6) ters. The OUtpUt of each polyphase filter is summed and out-
Y(2) = X2(C0)+X3(C1)+X4(C2)+X5(C3)+X6(C4)+X7(C5)+X8(C6) put via AOUTO-15.
T Y(3) = X3(C0)+X4(C1)+X5(C2)+X6(C3)+X7(C4)+X8(C5)+X9(C6)
: EVEN TAP FILTER
L
..., X4,X2,X0
T Indicates samples discarded by decimation process —_—] 1 T T 1

FIGURE 5. TRANSVERSAL IMPLEMENTATION OF DECIMATE Co0C2C4C6
BY 2 HALFBAND FILTER

., Y¥2,Y1,Y0

ODD TAP FILTER

By inspecting the sum-of-products for the decimated output

in Figure 5, it is seen that even indexed input samples are .-X5X3X1 | R

always multiplied by the even filter coefficients and the odd —E . °

samples are always multiplied by the odd coefficients. This G Cc1C3C5

computational partitioning is realized in the polyphase

implementation shown in Figure 6. Y(0) = X0(C0)+X1(C1)+X2(C2)+X3(C3)+X4(C4)+X5(C5)+X6(C6)
Y(1) = X2(C0)+X3(C1)+X4(C2)+X5(C3)+X6(C4)+X7(C5)+X8(C6)

In the polyphase implementation, the input data is broken into :

even and odd sample streams which are processed by a set i

of polyphase filters running at one half of the input data rate. FIGURE 6. POLYPHASE IMPLEMENTATION OF DECIMATE BY

These filters are designated as even or odd tap filters depend- 2 HALFBAND FILTER

T PIPELINE DELAY 2-35
T GROUP DELAY 19

¥ ¥ T
AINO-15 R EVEN TAP
E ;:q FILTER
G 1 AOUTO-15
RIFIR]R
+ PIPELINE DELAY NImMlE]E
T 1 T  GROUP DELAY 1 pltlaclc
R
v, ODD TAP
g et E FILTER OEA
F Clocked at CLK/2
FIGURE 7A. DATA FLOW DIAGRAM FOR DECIMATE BY 2 FILTER MODE (INT/EXT = 1)
PIPELINE DELAY 2-35
GROUP DELAY 19
EVEN TAP N
FILTER
AOUTO-15
RIFIRIR
PIPELINE DELAY 19 nlwlele
] GROUP DELAY 19 M EE
ODD TAP
FILTER OEA

FIGURE 7B. DATA FLOW DIAGRAM FOR DECIMATE BY 2 FILTER MODE (INT/EXT = 0)
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HSP43216

INPUT SIGNAL SPECTRUM

-Fg 0 Fg 2Fg

INTERPOLATED SIGNAL
/ FILTER PASSBAND

-Fg2 0 Fg2 Fg
UPCONVERTED SIGNAL
b
i i f >
Fg2 O Fgi2 Fg
REAL OUTPUT
3
i I\I/\i ,\
-F g/2 0 Fg/2 Fs

Fg = INPUT SAMPLE RATE
F,S = INTERPOLATED SAMPLE RATE, 2Fg

FIGURE 18. QUADRATURE TO REAL CONVERSION

The Quadrature to Real Conversion mode is most easily
understood by first considering an implementation using a
7 tap transversal filter as shown in Figure 19. By examining
the combination of interpolation, filtering, and up
conversion it is seen that a particular output is only
dependent on the sum-of-products for the even indexed
samples and coefficients or the sum-of-products for the
odd indexed samples and coefficients. This computational
partitioning allows the dual interpolation filters required in
this mode to be realized using the same polyphase filter
structure used in the other modes. A functional block
diagram of the polyphase implementation for Quadrature to
Real Conversion mode is shown in Figure 20. In this
implementation, the real and imaginary components of a
complex input stream drive the even and odd tap filters.
The output of each filter is then modulated by the non-zero
mix factors and multiplexed into a single real output stream.

HALFBAND FILTER

cos((N+1)n/2)
1 0,1,0,-1...
..R1,RO T ..R1,0,R0,0 I I
"2 1 ® ° T
CO0 C1C2C3C4C5C6
..Y2,Y1,Y0
HALFBAND FILTER
rF 3
.11,10 T .11,0,l0,0 T I
12 te. ot
CO0 C1C2C3C4C5C6 11,0,1,0...

SIN(-(N+1)7/2)

Y(0) = 0(0(C0)+RO(C1)+0(C2)+R1(C3)+0(C4)+R2(C5)+0(C6))+
-1(0(C0)+10(C1)+0(C2)+11(C3)+0(C4)+I2(C5)+0(C6))
Y(1) = 1(RO(C0)+0(C1)+R1(C2)+0(C3)+R2(C4)+0(C5)+R3(C6))+
0(10(C0)+0(C1)+11(C2)+0(C3)+12(C4)+0(C5)+13(C6))
Y(2) = 0(0(C0)+R1(C1)+0(C2)+R2(C3)+0(C4)+R3(C5)+0(C6))+
1(0(C0)+11(C1)+0(C2)+12(C3)+0(C4)+I3(C5)+0(C6))
Y(3) = -1(R1(C0)+0(C1)+R2(C2)+0(C3)+R3(C4)+0(C5)+R4(C6))+
0(11(C0)+0(C1)+12(C2)+0(C3)+13(C4)+0(C5)+14(C6))

FIGURE 19. QUADRATURE TO REAL CONVERTER USING
TRANSVERSAL FILTERS

EVEN TAP FILTER

..R1,R0 1 T
11 t
Cc0C2C4C6
1,1,1,-1,.. -Y2,Y1,Y0
ODD TAP FILTER cos Lo ;
1,0 R
E ® ®
G c1c3cs
A,1,-1,1..
SIN LO

Y(0) = -1(10(C1)+11(C3))+12(C5))

Y(1) = 1(R0(C0)+R1(C2)+R2(C4))+R3(C6))
Y(2) = 1(1(C1)+12(C3)+13(C5))

Y(3) = -1(R1(C0)+R2(C2)+R3(C4)+R4(C6))

FIGURE 20. POLYPHASE IMPLEMENTATION OF
QUADRATURE TO REAL CONVERTER
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HSP43216

Absolute Maximum Ratings

Supply Voltage . . ... ... .. . . +7.0V
Input, Output or I/O Voltage . .. .. ... ... GND -0.5V to Vg +0.5V
ESD Classification .. .......... ... ... ... ... ... ... Class 1

Operating Conditions

VoltageRange ........................... +4.75V to +5.25V
TemperatureRange . ........................... 0°C to 70°C

Thermal Information

Thermal Resistance (Typical, Note 1) 9,5 (CC/W)  0,c (PC/W)
0

CPGAPackage . ................. 4 8
PLCCPackage .................. 23.0 N/A
MQFP Package . .. ............... 35.0 N/A
Maximum Junction Temperature
PLCC and MQFP Packages .. ...................... 150°C
CPGAPackage . .. ...t 175°C
Maximum Storage Temperature Range . ......... -65°C to 150°C
Maximum Lead Temperature (Soldering 10s)............. 300°C
(PLCC and MQFP Lead Tips Only)
Die Characteristics
GateCount .. .. ... ... ... ... ... .. 35469 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. 95 is measured with the component mounted on an evaluation PC board in free air.

DC Electrical Specifications Vg =5.0V+5%, Ta =0°to 70°C

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
Power Supply Current lccop Vee = Max, CLK Frequency 52MHz - 468 mA
INT/EXT =‘1’, Notes 2, 4
Vgg = Max, CLK Frequency 52MHz - 572 mA
INT/EXT = ‘0", Notes 3, 4
Standby Power Supply Current lccsB Voc = Max, Outputs Not Loaded - 500 pHA
Input Leakage Current | Voo = Max, Input = 0V or Voo -10 10 HA
Output Leakage Current lo Voo = Max, Input = 0V or Voo -10 10 HA
Clock Input High ViHC Voe = Max 3.0 - \
Clock Input Low ViLc Voo = Min - 0.8 \
Logical One Input Voltage VIH Vog = Max 2.0 - \
Logical Zero Input Voltage VL Voo = Min - 0.8 \Y
Logical One Output Voltage VouH loy = -3mMA, Vo = Min 2.6 - \Y
Logical Zero Output Voltage VoL loL = 5mA, Voo = Min - 0.4 \Y
Input Capacitance CIN CLK Frequency 1MHz, All measurements - 12 pF
referenced to GND. Ta = 25°C, Note 5
Qutput Capacitance Cout - 12 pF

NOTES:

2. Power supply current is proportional to frequency. Typical rating is 9mA/MHz when Internal Multiplexing is selected, INT/EXT = 1.

. Output load per test circuit and C|_ = 40pF.

o 0 A~ W

. Power supply current is proportional to frequency. Typical rating is 11mA/MHz when External Multiplexing is selected, INT/EXT = 0.

. Not tested, but characterized at initial design and at major process/design changes.

. Maximum junction temperature must be considered when operating part at high clock frequencies.
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HSP43216

AC Electrical Specifications (Note 7)

52MHz
PARAMETER SYMBOL NOTES MIN MAX UNITS
CLK Period tcp 19 - ns
CLK High tcH 7 - ns
CLK Low oL 7 - ns
Setup Time AINO-15, BINO-15 to CLK ips 7 - ns
Hold Time AINO-15, BINO-15 from CLK tbH 0 - ns
MODEO-1, RNDO-2, INT/EXT, SYNC, USB/LSB Setup Time to CLK tRs 7 - ns
MODEO-1, RNDO-2, INT/EXT, SYNC, USB/LSB Hold Time to CLK tRH 0 - ns
CLK to AOUTO-15, BOUTO-15 Delay tbo - 9 ns
Output Enable Time toE - 9 ns
Output Disable Time top Note 8 - 9 ns
Output Rise, Output Fall Times t 1 Note 8 - 5 ns

NOTES:

7. AC tests performed with C| = 40pF, Ig = 5mA, and Igy = -3mA. Input reference level for CLK is 2.0V, all other inputs 1.5V.
Test V|H = 3.0V, V|HC = 4.0V, V||_ =0V.

8. Controlled via design or process parameters and not directly tested. Characterized upon initial design and after major process and/or
changes.

AC Test Load Circuit

DUT S1

1

CL (NOTE)

SWITCH S1 OPEN FOR Igcsp AND Iccop

NOTE: Test head capacitance.
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HSP43216

Waveforms

CLK

tcp
%
tps
AINO-15, BIN-15
tRS*—

MODEO-1, RND0-2,
INT/EXT, SYNC,
USB/LSB

—

AOUTO-15, BOUTO-15

tpH
—*tRH
{ tpo

| toe
top — -

OE

FIGURE 23. TIMING RELATIVE TO CLK
ty i
—_— f— —_— —

2.0V y 4
0.8V

FIGURE 24. OUTPUT RISE AND FALL TIMES
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HSP43216

Plastic Leaded Chip Carrier Packages (PLCC)
) 0.042 (1.07) N84.1.15 (JEDEC MS-018AF ISSUE A)
048 (1.22) 0056 (142) O3] 0004019 [C | 54 FAD PLASTIC LEADED CHIP CARRIER PACKAGE
PIN (1) IDENTIFIER 0.050 (1.27) TP 0.025 (0.64)
- _Q, |<— 6045 (1.13) R INCHES MILLIMETERS
| 11 SYMBOL MIN MAX MIN MAX NOTES
¥ N A 0.165 0.180 4.20 4.57 -
* o \, i 1 Al 0.090 0.120 2.29 3.04 -
O il D2/E2
O il D 1.185 1.195 30.10 30.35 -
g + 1L g D 7150 | 1.158 | 2921 | 29.41 3
B D2 0.541 0.569 13.75 14.45 4,5
D2/E2
: ) VIEW “A” E 1.185 1.195 | 30.10 30.35 -
N
* O \ E1 1.150 1.158 29.21 29.41 3
—TICIICIT =
| | 0.020 (0.51) E2 0.541 0.569 13.75 14.45 4,5
| D1 - MIN N 84 84 6
|~ D > Rev. 1 3/95
SEATING
0.020 (0.51) MAX PLANE
3PLCS 0.026 (0.66)
0.032 (0.81) 0.013 (0.33)
+ + 0.021 (0.53)
T _*
- 0-025(0.64)
0.045 (1.14) _g,. - MIN
MIN
VIEW “A” TYP.
NOTES:
1. Controlling dimension: INCH. Converted millimeter dimensions
are not necessarily exact.
2. Dimensions and tolerancing per ANSI Y14.5M-1982.
3. Dimensions D1 and E1 do not include mold protrusions. Allow-
able mold protrusion is 0.010 inch (0.25mm) per side.
4. To be measured at seating plane contact point.
5. Centerline to be determined where center leads exit plastic body.
6. “N”is the number of terminal positions.
5-20
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Ceramic Pin Grid Array Packages (CPGA)

S1

G85.A MIL-STD-1835 CMGA3-P85C (P-AC)

L
T

%'

—A—
- D - 85 LEAD CERAMIC PIN GRID ARRAY PACKAGE
| - [o1] - INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX NOTES
POOOEEEOEO@G 5 | [~ Joer [ow e Tow T
A\ 24 A
ofolololololioloYotototo G BN N BEECH NECN
@EPOEEOEEEEOE S AL ML Eed -
@ @ @ @ @ @ b1 0.016 0.020 0.41 0.51 -
2C20]0. RO et —
+ [E1] e D 1140 | 1180 | 2896 | 29.97 -
OO OO 57 7000 55C 254 65 :
@O 010JO, E 1140 | 1180 | 28.96 29.97 -
@O 010JO), g 7000 BSC 25 4 BSC :
@EPOEEOEEEEOE s 07100 BSC 554 B5C 5
@EPOEEOEEEEOE K 0.008 REF 0.20 REF :
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- A — SECTION B-B
A]o.oos| | NOTES:
SEATING PLANE appn . . L
/AT STANDOFF 1. “M” represents the maximum pin matrix size.
1B T 2. “N” represents the maximum allowable number of pins. Number
= k of pins and location of pins within the matrix is shown on the
1 L8 ¥ —| a1 pinout listing in this data sheet.
3. Dimension “A1” includes the package body and Lid for both cav-
I — L | ity-up and cavity-down configurations. This package is cavity up.
LEI b2 Dimension “A1” does not include heatsinks or other attached
J 1 features.
. :i_ — 4. Standoffs are intrinsic and shall be located on the pin matrix di-
' agonals. The seating plane is defined by the standoffs at dimen-
1 sions Q.
. 5. Dimension “Q” applies to cavity-up configurations only.
_>| Q |- 6. All pins shall be on the 0.100 inch grid.
! SECTION A-A 7. Datum C is the plane of pin to package interface for both cavity
1 b up and down configurations.
8. Pindiameter includes solder dip or custom finishes. Pin tips shall
A » A -¢ £0.030 % ¢ AM have a radius or chamfer.
T =n= T 2o.010 c 9. Corner shape (chamfer, notch, radius, etc.) may vary from that
1 shown on the drawing. The index corner shall be clearly unique.
1 I 10. Dimension “S” is measured with respect to datums A and B.
11. Dimensioning and tolerancing per ANSI Y14.5M-1982.
= Al 12. Controlling dimension: INCH.
- |<- Q
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