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Design Descriptions

SocC
uwB IFFT/FFT
FPGA
P
1. Architecture Specification
1.1 UWB Baseband Building Blocks:
Cmly FFT/IFFT 15 sharing n PYTH
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Figure 1.1 UWB Baseband Building Blocks

1.2 128 points FFT/IFFT for UWB spec.
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—\ FFTAFFT —"
4 CDITIP'EI ||'IpL|t ' Hadi-& Cﬂn‘lple}t 4 ':D;;i:plex output
samples Radix-2 | | multiplier samples
clk
reset Temp | | Control out_enable
In_enable Register unit
FETAFFT mode

Figure 1.2 128 points FFT/IFFT for UWB spec.

input and output port specification

a. UWB 128 points FFT/IFFT period = 242.42ns (clock rate = 528 MHz about
1.89 ns/sample)

b. Input 5 bits and output 8 bits for system required
Paralel 4 complex sample input and 4 complex sample output (clock rate =
528MHz / 4 = 132MHz)

d. Latency 32 clock cycles.

1.3 128 points FFT/IFFT data flow diagram.

Thereisfour radix-2 butterfly at first stage.
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Figure 1.3-a 128 points FFT/IFFT data flow diagram
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Figure 1.3-a 64 points FFT data flow diagram

1.4 Radix-8 butterfly dataflow diagram.

The Radix-8 butterfly is composed by 12 Radix-2 butterfly and thereis 7
complex multiplier at stage 3. The twiddle factor e"P/*isimplement by the shift adder
and not necessary to use amultiplier. Thereisacritical path exclude complex
multiplier show at figure 1.4.
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Figure 1.4 Radix-8 butterfly data flow diagram.

1.5 Twiddle factor multiplication.

1, General complex multiplier
- 4 real multiplication and 2 additions.
- 2 stage pipeline.
2. CORDIC-Based |i||-|:-.l.‘ ol alon
-2N sequential addihons.
- stage pipeline,
3. MAC-Based complex multiplier.

=3 real multiplication and 3 additions and 2 subtractions.
-3 stage pipehine,

Gate counl | Speed Latency
Ceeneral complex mmbtiplier | 4.2k 3.15ms i
MAC Based complex 4.0 1.17ms 4
mmbiiplier
CORDIC-Based phase ik i iz
roluar

* Crasign Anabyzer UkACD1E sdow ibrary
*reneral complex multipher s better n this design because of
-Low latency
-High speed .
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Figure 1.5 general complex multiplication

2. Behavior Specifications

2.1 Matlab simulation about word length decision

Figure 2.1 isadiagram that presents each stage quantize and
scale status. If scale bit = 1 and quantize bit = (8.0), that means the
LSB isremoved 1 bit and we gets the MSB 8 bits. The format (8.0)
means there are 8 bits at dot left side and O bit at dot right side. We
make the input bits = 5 and the intermediate word length N , N=5~10
bits. Intermediate word length is the register and multiplier length
which determinate the circuit areaand EVM error. The EVM vsword
length N is sketched at figure 2.2.
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Figure2.1 A diagram for each stageword length decision
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2.2 Matlab simulation result for word length decision
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Figure2.2 EVM(%)vs word length N bits

2.3 Matlab FFT and IFFT
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Figure23FFT and IFFT
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3. Circuit Specifications

3.1 Circuit block diagram

Figure 3.1 circuit block diagram show the data path of 128 points FFT/IFFT.
There aretotal 7 complex multipliers at this design. There are 4 complex
multiplier for radix-2 butterfly and can share with radix-8 butterfly at different
time. The detail can see the figure 3.2 delay diagram to realize each component’s
operation.

dxtxshits

P,

4 % complex Inpad - qxIxs bits
sanmpes

&xb b}"l‘l-"-&l

ix Capmplesy malkplier

= | %8 bytes

8 x comples outpal
samples

Figure 3.1 Circuit block diagram

3.2 Circuit delay diagram

Because of thefirst stage is radix-2 butterfly, the input data can be process after 16
clock cycles. The second stage is radix-8 butterfly and all the complex multiplier
isworking at the same time. The third stage that need no complex multiplier and

10
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store theresult at B3 . Figure 3.2 shows two 128 points pattern input and the
operation at each clock cycles.

= Latency =32+16+1=49 clock cycle.

—

tl_#:'uﬂ ]
T,

Figure 3.2 Circuit delay diagram

4. Circuit Verification

4.1 ADSRTL Verification with random pattern input

RTL coreiscompiler to an ADS function block and compare with the golden
module which is default at ADS environment. The ADS block diagram can see figure
4.1-aWe can compare the output signal from the golden module and RTL module, see
figure 4.1-b.

11
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ldeal FFT

Figure4.1-a ADSverification blocks
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Figure 4.1-b Golden module(red) & RTL module(blue) output signal

4.2 Test bench
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= A selfi-check test bench
Froam matlab behaviar nsodule

Test_bench Cruttput checker
Input control
Fe order Avldress
ooy
Adiress | |
Colmler
.dl:t_nu:‘
- mem _re_out | |
aiddr i | g
- B el l mem_im_aut
. cu: : _ comect |
| In_enshle CompaT
Combred
Clocl
| geiveatar

Figure 4.2 Self-test test bench

4.3 FPGA prototype verification

For FPGA prototype verification use two additional circuit that is
serial-to-parallel and parallel-to-serial. It is more easy to monitor the output signal and
compare the output with ideal signal.

r_out w4 ; I'I_I_I:I‘.l.l
- | s Logic
Fattern im_out x4 | Pugn-5 | Im:_out Analyzer
Generator FFT-128 byt _snabig, e
— out_enabig
clk
- clk
= T
cld

clkd
Xiling xev2000e-6hg 560
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Figure 4.3 FPGA verification plan

4.3 FPGA synthesisreport

Number of SLICES :14269 out of 19200 74%

Clock to Setup on destination clock clkh

——————————————— - —————— ———————— — ———————————}
| Src:Rise| Src:Fall| Src:Rise| Src:Fall|
Source Clock |pest:Rise|Dest:Rise|Dest:Fall|Dest:Fall|

| 19.984] | |
clkh | 61.180] | | |
+ + +

5. Synthesisreport

Synthesis environment: Synopsys Design Analysis
Library(s) Used
slow (File: /home/lib/syn/slow.db)

Number of ports: 109
Number of nets: 29854
Number of cdlls: 27662
Number of references: 165
Combinational area: 782351.562500

Noncombinationa area: 638927.812500

Net Interconnect area: undefined (No wire load specified)
Total cell area: 1421224.375000
Total area undefined

15
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Dataarrival time: 4.67 ns

6. Chip Layout
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Figure 4.2 Chip Layout view
Core width: 1524.34 um
Core height: 1524.34 um
Die width: 2674.36 um
Die height: 2674.36 um
Core Utilization: 0.77666

7. Post Layout Simulation

After Place and Route, we can use Soc encounter to extract RC and dump delay
information. Soc encounter can save the netlist that is after place and route. We can
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use ncverilog to simulate the output waveform.

Synthesis timing report Timing after Place & Route
Slow library: 125°C  1.62v Slow library: 125°C  1.62v
4.67ns 8.22ns

Timing not met, require timing is 7.57ns but after Place & Route it lost about
0.65ns.Timing isslack !!

Figure 7 Post layout simulation waveform (clock period = 10 ns)

8. Testing Plan

Use CIC tester. Writing test pattern for tester format and mapping to Chip port.

9. Logistic Information

9.1 Design Flow

Figure 11.1 show the design flow of digital baseband design. Building
Matlab behavior isimportant for RTL code verification and for quantization error

17
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analysis. After function verification the RTL code must be synthesizable and no latch
in this design. Making sure the timing constrain is enough and timing is met. Prepare
the required file and library to place and route, then decision the utilization of core.
Place and route must take alot of time for downsize and timing optimization. If the

DRC or LVS not pass, checking the library and operation flow, than retry again until
the DRC and LVSis pass.

Specification
survey
|
Buliding Place & Route
MMatlab behawvior
module l
Fost layout
RTL code Simulation
» Development 1
I
[ 1 Tapeout
Functional FPGA prototype
Vierfication verification
l :
. | .
«  Synthesis
!
Timing
Verification
I

Figure 11.1 design flow diagram
9.2 EDA Tools version
a. Synthesistool : Synopsys Design Analysis V-2003.12 for linux Nov 19,

2003

b. Place and Route tool : Canence Soc encounter 4.1
-first encounter v04.10-p003_1

-NanoRoute nanoroute Version v04.10-p554
NR040529-0140/USR20-UB

18
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c. Verilog Simulation tool : ncverilog.

d. Wave form viewer : Debussy nWave.

9.3 Tapeout Information

Process UMC 0.18-um

Shuttle Date JAN 2, 2005

Chip ID L 18501

Purpose

LEF umcl8 6lm.lef umcl8 6lm antennalef umcl8io3v5v_6lm.lef

LIB fast.lib dow.lib typical.lib umcl8io3vbv_fast.lib
umcl8io3v5v_slow.lib  umcl8io3vov_typ.lib

Sandard cell Artisan fb_umcl8 sc-x_2003g4v2

/0O cell Artisan fb_io-gp-18-23-50-il-v00_2003g4v1

EDR G-02-LOGIC18-1.8V/3.3V-1P6M-GENERICII-EDR

DRC G-DF-LOGIC18-1.8V-3.3V-1P6M-Calibre-drc-2.4-p6

TLR G-03-LOGIC18-1.8V_3.3V-1P6M-TLR

Layout Area 5000x5000 um

Package
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