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Digital RF Processor
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Making DRP summary

Wireless

 Locosto DRP is a fully integrated 4 band GPS/GPRS transmitter
 The DRP technology enables software definable radio (SDR)
* This technology allows cost effective integration of the radio function
 TI Digital Radio Processor (DRP) is a complete Radio subsystem including:
— Frequency synthesizer: ADPLL
 Digitally Controlled Oscillator (DCO)
 Digital loop filter and phase detector
* Reduced Lock Time (Loop BW adaptation)
— Transmitter:
 Based on ADPLL
 Digitally self-calibrated two-point modulation
— Receiver:
» Configurable to zero IF or near zero IF
« MTDSM (multi-tap-direct-sampling-mixer)
» LO generated by ADPLL
— Digital Interface with Baseband
— Power management and start up engine (On-chip Bandgap + LDOS)
— Clock management (DCXO) with clock noise reduction by retiming

— Software script processor for transceiver sequencing and calibration
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Making Radio Interface Block Diagram

Wireless
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Wireless

Digital RF Processor

Recelver
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Making RX Location in DRP2 system

Wireless
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Making

RX blocks
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Making
Wireless

DRP2.0 SYNTHESIZER/TX BLOCK DIAGRAM
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waarg « Frequency synthesizer

 Based on an All-Digital PLL (ADPLL)

— Digitally Controlled Oscillator (DCO) at 1.8 GHz as the RF
frequency source

— The frequency setting uses FCW (fixed-point Frequency
Command Word)

— The phase correction mechanism in 2 steps:

* The integer part of the phase detector computes the phase
difference between the DCO output clock and the retimed
reference clock (reference clock resynchronized with the DCO
clock)

e The fractional phase error between the reference and DCO
output clocks is estimated by the TDC (Time to Digital
Converter) and added to the integer phase error..
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Making All-Digital PLL (ADPLL) block diagram

Wireless
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Synchronous digital phase domains (key idea of the ADPLL to avoid metastability

problems in TDC and reduce noise)
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Making All-Digital PLL (ADPLL) block diagram

Wireless

Phase Detector Loop Filter Normalized DCO (nDCO)
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1-sTg >

________________________________________________________________________

Locosto RF 13

Technology for Innovators” Wi TEXAS INSTRUMENTS
Page 13



Making
Wireless

Gear-Shifting of PLL Bandwidth

* Progressive reduction of ADPLL loop bandwidth while the loop is settling
 Lock time max = 170 usec (RX) and 240usec (TX)

Phase Error

e.g., 1= 20= 403

average value o0 —P— a; —Ple— s
LN N
e e REELIIE
’ noisy range T _ 2nd gear-shift
/ (envelope) 1st gear-shift

Time
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Making

wireless ADPLL BUILDING BLOCKS (1/5)
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lhakind _ DCO: varactor banks overview

TR Gucilaorracking meger b cnidler (%) | Do core
: ﬁ Switch matrix o : and HB/LB
[ ]s| Row —Hf;:- 6 | dividers
: 21 select » 62 : .
TRE Next row g4 | » | 184 d
T > e T
: pa 5 | Column 8 3 :Integer
! > select ———» | value =3
2 2 | d N
: +D\WWaA | Column | T
| 2 - Al Qo
5T 648 | _ _— ____ L ) <
0-5.0-7 @ |F===s==s=eeemeee e e e ———=—=——=a : 1
' | o Oscillgtor-tracking fractional bits controller (Trk-F) ":x:-"‘
Tuningword |1 — | Fractional o
18 |2* 8 Digital | 3 value S
+ .' ¥ } h‘ + [ ]
| 5 A modulator [ @
| * A I o
I " I o
| P | @
E | 2
R e e e e e ] eI e e e eI e eI e eI e eI e eI e eI e e e el e e e e W e J
FREF - CKVD -
(26 MHz) R Retimed FREF (CKR)
Locosto RF 16

Wi TEXAS INSTRUMENTS
Page 16

Technology for Innovators®




Making ~ ADPLL BUILDING BLOCKS (2/5)

Wireless

Digitally-Controlled Oscillator (DCO)

« Time-to-Digital Converter (TDC) Data
Digital Loop Filter (LF)

All-Digital PLL (ADPLL) Channel

ADPLL Wideband Frequency —>
Modulation
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Making i ..
wireless TiIme-to-digital Converter (TDC)

« Estimates the fractional Phase Error
* Quantized phase detector with resolution of <20 ps

Time-to-digital Period normalization

Converter multiplier
"9 1pe At | NORM |—> —¢
FREF —b AL >
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FREF r l
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Making ADPLL BUILDING BLOCKS (3/5)

Wireless

Digitally-Controlled Oscillator (DCO)
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waarg o Digital loop filters

» 4th order digital IIR loop filter to suppress the frequency reference and TDC
guantization noise

* Unconditionally stable IIR filters

yIK]=(1=4)- Ik =1]+4-XK]

Single-pole IR stage:
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waarg « ADPLL BUILDING BLOCKS (4/5)

Digitally-Controlled Oscillator (DCO) A
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Digital Loop Filter (LF) —>, out
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Modulation —> DPA
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Making

Making _ All-Digital PLL (ADPLL)

e Type-ll 6-order PLL loop
 Reduced Lock Time (Loop BW adaptation)

« Synchronous digital phase domains (key idea of the ADPLL to avoid
metastability problems in TDC and reduce noise)
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Making ADPLL BUILDING BLOCKS (5/5)

Wireless

Digitally-Controlled Oscillator (DCO)
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laking  ADPLL with GMSK Modulation

» Two-point modulation
— Direct feedforward path : y[Kk] directly drives the DCO

— Compensating path: y[k] added tp+ke chamagb-bfei\Vy- — -----
Ay[K]|-=-F----- —»ATune [---{-----

I Af Y---
data] pulse Data FCW: y[k]v\
shaping

Frequency

Channel detector Loop filter
Gonmand L=
Word (FCW) 1:2-1 Gain norm. P¢0
—¢[K] Variable
| e > '
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Making

wireless OTHER RF TX BUILDING BLOCK
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waarg o Digitally-Controlled Power Amplifier
o Class-E PA with MOS transistor switches
The DPA can be thought of as an RF DAC, where “A” is RF “amplitude”

» Array of unit-weighted MOS switches, that can be programmed through API to
achieve the TX desired output level (up to +8dBm)
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Wireless

Digital RF Processor

DCXO
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waxirg « AFC Loop in GSM/EDGE Network
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wieress  VCXO vs. DCXO
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Making
Wireless

DRP - DCXO overview

Low phase noise clock reference for RF clock synthesis
Large tuning range : 10 bits digital codeword for coarse tuning
Accurate frequency : 14 bits digital codeword for fine tuning
Oscillation amplitude control to limit crystal power drive
Oscillation amplitude detection to tune startup time

State machine for startup tuning procedure

Locosto RF 30
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wielss DCXO System

Startup
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Making
Wireless

Coarse Frequency Control

Coarse Frequency Adjustment (CFA) capacitor consists of:

Fixed capacitor of size 168 units

Modified-binary array with 10-bit control, with individual weights of 1, 2,
3, 6,12, 24, 48, 96, 192 and special capacitor of ~200 units
respectively

CFA calibration is needed to obtain initial CFA value that gives
optimal tuning range using Fine Frequency Adjustment only

Locosto RF 32
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wad.s Fine Frequency Adjustment

* Fine Frequency Adjustment (FFA) is controlled via 14-bit codeword
» The physical capacitor array consist of 1024 capacitors.
« Capacitor array is tapered, with sizes ranging from ~30fF to 100fF.

» Tapering creates linear transfer function between codeword and the
frequency

» Additional 4 bits of frequency resolution are obtained via digital Sigma-Delta
modulation of an array element

Locosto RF 33
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wireloss FiN€ Frequency Adjustment (cont.)

Example:

14-bit codeword, codeword 0000000010 0111, or 2 and 7/16% correspond to
turning on 2 capacitor array elements, and turning on another capacitor
element, 7 out of every 16 FREF clocks (on average)

» Typical frequency resolution of the FFA is 0.002 to 0.003ppm/LSB

« This may vary substantially with the crystal and CFA value chosen during
calibration

Locosto RF 34
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wal.s  Amplitude Control in DCXO

* High amplitude of oscillation in a DCXO produces superior phase noise

« High amplitude of oscillation may cause power drive of crystal to be exceeded
causing damage to the unit

 The Amplitude is directly affected by the current

 The Amplitude is also heavily influenced by the changes in tuning capacitance
(FFA)

Locosto RF 35
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laking DCXO Startup

Wireless

 DCXO startup and wakeup require special hardware, since FREF clock is
not available until DCXO becomes fully operational and therefore the DSP,
the Script Processor and the FLASH memory are inaccessible

« DCXO startup is clocked by the clock from the 32kHz crystal
* All three IDAC codewords go to their default values of

— Numerator = 128
— Denominator + Fraction + Fixed =0+ .0 +128

Locosto RF 36
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Making DCXO Startup

Wireless

o Startup sequence consists of three phases

1. Quick Charge: IDAC current is set to 3X nominal value of IDAC current.
This is done in order to guarantee that the oscillations will begin. The output
of the 5-bit ADC is monitored for the crossing of first programmable
threshold (thrl). On the second 32 kHz clock cycle after the crossing of the
thrl is detected, Phase 1 ends.

2. Linear Ramp: IDAC current is set to X nominal value of IDAC. The output
of the ADC is monitored for crossing of the second programmable threshold

(thr2).
3. Final Settling : New value for IDAC, is set using formula
At
— new
IDAC, .o, = IDAC 1om A
tnom
Locosto RF 37
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Making
Wireless

DCXO Startup (cont.)

Thr2

Wi I

S

Tstamp
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Tstamp2
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Making
Wireless

Digital RF Processor

Power Management

Locosto RF 39
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i PCB-Level Overview

VCore

DBB, APC...

LOoCcosto Triton

Locosto RF 40
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Making DRP-Triton Interface

4To DRP ' 45kQ

Locosto RF !

Wireless
1.4V, 5mA ! i
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Making

Wireless
VREF
1
1 VREF pad, ball
L“ /O.QV Internal,
BCAPL L oo AW AL T
40kQ 360kQ T« ! =
: 470 nF
325pF— | —
|
v
 VREF pin has high impedance in nature
— Watch for nearby PWB routings VREF1
o Star connection from VREF
 VREF has priority on PWB
— VREF1 is secondary
Locosto RF 42
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Making
Wireless

IREF

VREF1

AMP

current mirror

Foooos

\ 4

y 3

IREF pad, ball

L/

 IREF pin has high impedance in nature
— Watch for nearby PWB routings
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Making
Wireless

LDOs / VREF / IREF specifications

Unit LDOX LDOOSC LDORF LDOA VREF
Vout typ (after trim) \% 14 14 14 14 0.9
Max average current mA ° 30 30 30 )
(during 625us)
External Cap ukF 1 4.7 1 1 0.47
Main "function" Low noise Low noise Low Low
@low freq @high freq cost-area cost-area
Vout range \% 1.393/1.407 1.2/1.8 1.1/1.8 1.1/1.8 0.882/0.918
DCXO DCO PPA
Tied to Temp Freq divider SAM ABB
sensor Buffers LNTA
buffer
Noise typ (1kHz) nV/Hz"0.5 0.25 6.3 6.3 6.3
Noise typ (400kHz) nV/Hz"0.5 27 9.1 23 23 16
Locosto RF 44
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b LT LDO Key Specifications/Care-about

Wireless

Cost
-External capacitor size
-Silicon area

« Nominal voltage

- 1.4 V after trim

load,max,avg

- 30 mA except LDOX of 5 mA
 Active and passive disable
« PSRR relaxed (Since VR1 and VR2 are regulated)
- Reduced LDO bandwidth
- Better noise performance
« Turn-on time
- (1% settling) < 150 us
- Measured: < 80 us for all LDOs in MS4 data

Locosto RF 45
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vaking | DO Nolse Measurements

* Currently LDOs provide satisfactory noise performance according to
transceiver parametric data

— All LDOs have similar noise performance

— LDOOSC, LDORF and LDOA have better low-frequency noise
than spec.

— Plan to unify LDO design for future generations

— Plan to further reduce power/ground domains for future
generations, which also further reduces cost

Locosto RF 46
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Wireloss Power Management

DRP2 needs 3 external power supplies:
« VCORE: DRP Core digital supply: 1.3V
— VCORE is connected to DBB core voltage VDD CORE.

— Total consumption on this power domain (DRP + DBB) is 140 mA (DRP
~35mA).

— This power domain must be present before all other DRP mega module
supplies.

— Low voltage mode: to reduce leakage during sleep mode (voltage reduced to
1.05V)

 VR1: Pre-regulated input to LDO_OSC,LDO_A and LDO_RF DRP embedded
LDOs. The required supply is 60 mA at 2.8V.

— This power domain is isolated from the VCORE allowing VR1 switch off
while keeping VCORE active or in low consumption mode.

 VR2: Pre-regulated input to LDO_X DRP embedded LDO.

— The required supply is 10 mA at 2.8V. This power domain is isolated from
the VCORE allowing VR2 switch off while keeping VCORE active or in low
consumption mode

Locosto RF 47
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Making  Power Management sequencing

Wireless

« VCORE is provided first at start-up

« Then VR2 (DCXO) is provided by Triton, then VR1 for other RF blocks.
« VCORE and VR2 sequencing is controlled by Triton FSM.

 VR1is switch ON/OFF is controlled by SW.

VCORE

VR2

VR1 \

D e S > >
Tl T2 T3 T4

Power Domain |Enabling Order Disabling Order
VCORE 1st last

VR2 2nd (T1= TBD*T32k) [2nd (T4=TBD*T32Kk)
VR1 last (T2= TBD*T32k) |1st (T3= TBD*T32k)

Locosto RF 48
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Making
Wireless

Digital RF Processor

APC

Locosto RF 49
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Triton Interface

APC in Wrapper
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waxing « APC Power Management

APC power supply requirements —

« VCORE: Core digital supply (1.3 V). This supply is dedicated
to the APCD (APC Digital) block.

 VRAPC: Pre regulated supply to APC DAC analog output
stage. The required supply is 20 mA at 1.4V.

— This power domain is provided through an integrated LDO,
SW controlled through the DBB.

« VDD_APC: APC Output Amplifier power supply. The required
supply is 6 mA at 2.8V, this to allow an adequate APCOUT
signal swing capable of driving PA circuits.

— This domain is mapped on the Triton VRMMC supply with
star connection respect to the DRP VR1 input to reduce
noise. This power domain is enabled under SW control.

Locosto RF 51
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wirelss DRP - APC

 APC is integrated in the DRP Wrapper

0GOS0

APC

INritelg

Locosto RF 52
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Making

Wireless DRP - APC

VCore VDDAPC

Start_APC
APC_LDO_EN

APC_EN

LOCOSTO

VDDAPC APC
LDO_APC VRAPC
4 LDO EN
> APCD »| APCDAC »| APCoutput | ]
> stage
BG
'y
RHEA
Rhea switch
MCU/DSP

 APCD : Digital block generating the correct ramping

profiles

« APCDAC : Digital to Analog Converter and output
stage of the APC.

Locosto RF
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wielss  DRP - APC :Ramp Generation

In previous TI modem applications,
-TX ramping up and ramping down were achieved during 8 GSM bit.
-One ramp shape was described using 1 coefficient every %2 bit = 16 coefficients
-Output data rate was every 1/8 GSM bit by interpolating linearly by a factor 4.

Now in Locosto application,
-TX ramping up and ramping down are achieved during 5 GSM bit.
-One ramp shape is described using 1 coefficient every 1/4 bit = 20 coefficients
-Output data rate is every 1/4 GSM bit (4*270.833kHz). No more interpolation.

Remains unchanged:
-Coefficients are still 8-bit coded.
-Coefficients are stored in a dedicated RAM
-Last power level is stored for smooth transition in multi-burst mode
-Ramping profile is given by the following equation :

Level (i) = Level,;;; + (step,q, /256)- (up[i]* (1-signg,) + dW[i]*Signstep)

Locosto RF 54
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el DXP-APC: Ramp Generation

Level (i) = Level,; + (step,, /256)- (up[i]* (1~ 81gNge, ) + dW[i]*Signstep)

Levelg, .,
Level(i)
Steplevel
Level,; !
Signg,=0 or 1
In this case,
as it is a ramp-up,
Signstepzo
0<=UpJi]<=255
Locosto RF 55
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Making DRP - APC

Wireless

 Ramp timings and triggering
— Simple interface for enabling/triggering APC ramp up/down
« APC LDO _EN : controls APC LDO ON/OFF
« APC_EN : enables APC core
« APC_START : Begins ramp sequencing
— 2 modes

 Internal sequencing : ramps are automatically generated each timeslot
(default used in Locosto)

» External trigger : TSP is responsible for triggering ramp up/down each
burst

— Programmable delays between trigger and start of ramp up/down
« APC _DEL_DWN : delay between trigger and start of ramp up
« APC_DEL_UP : delay between trigger and ramp down

Locosto RF 56
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Making DRP - APC

Wireless

* Internal sequencing (default mode)

APC_EN
[

T [
Start_ APC : :
el ;l‘ -
Tslot | Tslot :
Ramp_EN _I : _I |
|
[} ! : : il
. e B
APC Pl | | |
signal o | Pl
AP:C_DEL_UP or DOWN | :
: :‘»:APC_DEL_UP | APC_DEL_DOWN |9
l | |

« External trigger

APC_EN

|
Start_APC H H

—_
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Making
Wireless

Digital RF Processor

Receiver
Gain strategy
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Making
Wireless

Recelver Gain-Settings

o Sub-block gains : LNA, TA/Mixer, CTA
 Filter corners : TA/Mixer, SCF

r _____________
AFE = r————-——————— ———————— -|! ABE |
{MTDSM o |
ANT UNA Gain (qg) | TAM Gain (dB) I : :
Do san S 8,9,10,11 SCF Filter ' _ |
22,24, | TAM Filter Fc(MHz) Fc(MHz): 0.2to1 || | CTA Gain(dB) |
-6,-4,-2,0 | 0.3 to (ie : : 29 to -7 |
' SCF
RF FLT | L dera | ADC .

| W W |

| 1|
| 1| |
| || |
| = _ N |
L o o 1] J'
e e e e o o — -
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Making
Wireless

Receiver Gain-Settings (cont.)

 The DRP will split the global gain across the receive chain according
to internal strategy (calibration/compensation).

o 2 levels should be pre-defined for AFE gain (only 1 bit kept in case
more steps needed)

— Low Gain (11 dB)
— High Gain (38 dB) : 24 dB LNA/10dB TA/ 4.4 SCF

* (9) levels should be defined for ABE gain: 0, 2, 5, 8, 11, 14, 17, 20, 23
dB

« 2 bandwidths settings should be available for switched cap filter SCF
(270 kHz, 170 kHz)

Locosto RF 60
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Making
Wireless

Digital RF Processor

Clock management

Locosto RF 61
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warg « Clock manegement

Locosto Radio oo
Interface DRP2.0 -
s Transmitter

CKM . Tx LB
= E ADPLL
LIEE R ERRREE ] ALO %2 °
Script [
Wrapper Processor ’_@ I o
DLO
il DTX . Tx HB
")
Digital
Interface ocP SRM .
<> (scripts - Receiver | bcurcu ]
to DBB Rx/Tx I
buffers) CTA MTDSM - °
ADC ﬁ: FSIET O] Tamix K Na ;
APC/ TR E .
DAC DRX - .
DTST | —— ORI = .
ADC LH FILT |4 ] T °
BG/LDO
Y v I v
Locosto RF 62
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Making
Wireless

Clock Management Overview

——

1

(IN)ZHINET
104MHz(NR)

32KHz

(4 10 YUN)ZHINET

DBB

(4 1o YN)ZHIWOT

€Wakeu D Req

-

Locosto

CLK13El

NR - Non Retimed/Regenerated
R - Retimed/Regenerated
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wirslsss  System Clock

* In order to reduce the digital switching noise, it is desirable to have all DBB clocking
signals synchronous to the DRP’s local oscillator (LO) clock.

« The DRP’s CKM function includes a re-synchronization mechanism offering the capability
for locking reference clock on the LO clock edges.

 The DRP outputs to versions of the 13MHz clock:

— DRP_DBB_DPLL_CLK which is a divided by two version of FREF (26MHZz). This
clock is a non retimed 13MHz clock and is only used by the DPLL (DPLL needs a non
retimed version of the system clock due to the cycle accuracy required by the gauging
algorithm).

— DRP_DBB_SYS CLK is the 13MHz system clock sent by the DRP to the DBB clock
manager. This clock can be retimed or non-retimed.

» Default mode: clock is retimed when ADPLL is in tracking mode (switch from non-
retimed to retimed clock is managed automatically by the DRP)

» Disable mode: by SW, retiming can be completely disabled.

Locosto RF 64
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wireloss  System Clock Retiming

* Retiming consists in passing the non retimed clock into flops operating at CKV
(RF clock), CKV/2 or CKV/8 frequency. Clocks are not re-generated (stable
clock frequency) but just re-synchronized with a CKV derived clock. The
muxing between retimed and non-retimed modes of operation does not lose
any pulses.

rReF [[[TUU UL UUTUUUUUUUUT DU duuuy

SYSCLKD | |

SELRET it Bt

SYSCLK
DL must b snabled before ENT = "1

SYSCLKIRET XX, k1= % onpowerup

SYSCLK

Pulse Strech Pulzse Shrink
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vaking — DSP/MCU Clock Regeneration

» To reduce the digital switching noise, MCU/DSP 104MHz clock also needs to be
synchronous to the RF clock (ADPLL clock).

« DPLL block uses the DRP non-retimed 13MHz clock to generate the 104MHz. This
104MHz from DPLL is only used by ULPD (for gauging).

« MCU/DSP don’t directly use this clock but use a regenerated version of this clock.

« DPLL clock is sent to DRP for regeneration. DRP muxes this clock with a generated
version of this clock to provide the DSP/MCU clock.

« When RF is in idle state, the clock output by DRP is the DPLL clock.

« When in Tx or Rx and once the ADPLL has settled (when in tracking mode), DRP creates
the DSP clock by dividing the ADPLL clock by integer value.

 As a consequence, while in Tx or Rx, the MCU & DSP clock can vary from 104.1 MHz to
110.4 MHz depending on the Rx/Tx RF channel.
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Making

Wireless DSP/MCU Clock Regeneration

CK

ENO

CKD

EN1 H

DCO missl be enatiled Defora ENT =

E i
EH'IGENEE"‘R C¥1 =% on power up _|_|_|_|_|_|_|_|_|_ | | |
CKGEN ginininininin

First Rising Edge Last Falling Edge
Delayed 8-12 CKVY clocks Delayed up to 1.4 gen clocks
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Making DSP/MCU Clock Regeneration

Wireless

» Switch between DPLL clock and regenerated clock is completely handled by
DRP, no action is required from DBB (DBB can only choose by SW
programming to completely disable the retiming).

» Division factors inside DRP are chosen so that minimum MCU/DSP frequency is
104MHz. So when regeneration is activated (when ADPLL is in tracking mode),
DSP and MCU will see their respective clocks increased.

« ADPLL frequency varying from 1648MHz to 1990MHz depending on the RF
channel, a division factor going from 15 to 19 is applied to the RF clock in order
to guaranty a minimum DSP/MCU clock frequency of 104MHz.

 Hence DBB frequency can then vary from 104.1 MHz to 110.4 MHz depending
on the RX/TX RF channel.
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R DSP/MCU Clock Regeneration

114.0

| A
wo | 2|

104.0

DBB frequency

B
%
b

102.0

100-0 T T T T I I
1648 1698 1748 1798 1848 1898 1948

DLO frequency
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Making
Wireless

Digital RF Processor

Script Processor
and SRM
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Making Script Processor & SRM

Wireless
Locosto Radio oxo
L J
Interface DRP2.0
Transmitter
CKM Tx LB
ADPLL

'llllllllllll- ALO %2 .

=| Script . |
Wrapper =| Processor | = %2 °

°F Srsmmmmee—— | D1x | |PRO B e
i : = o
Digital : :
Interface OCP| i| srwm : .
D an =1 (scripts- | ® Receliver | DCU/PCU |
tO DBB [} RX/Tx : |

=| buffers) |= CTA MTDSM ,
. A sc H I ¢
. —Abc [ </ [l S Ul TAMIX FERNLNA .
APC/ FEEEEEEEEN / M : PS
DAC DRX .
PTST ADC </?’—-— > ] J[i LNA *
S FILT ! A PS
M}L L J

[BG/oo |

\A v I \
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Making  Control-Centric Diagram of DRP2

Wireless

Module Functions

SCR2 - Second

Generation Script Processor used for DRP

control and compensation

) Processor
o d TX data buff
gl gresseress o SRM — Shared RAM RX and TX data bufters;
oSt o= e | w | [ script buffer; analog
A EEEEEg Tx‘% Scrpt Mem u MOduIe
r C— | ] | | aom :> control word regs.
S SRR _1 OCP — OCP Module OCP address decode_and
} master/slave connections
o . DTST — Digital Test JTAG access and digital
DX f Module test mux
Bidge RX_START CKM
| " DCXOIF — DCXO Interface  DCXO interface; power-up
o ﬁ Module state machine
R ] Clock gating and muxing;
- " [ oexor | [ bexo _ ’
‘ S Y ETTTTTTT 2= CKM — Clock Module clock division and control

Registers that control ABE

ARXCW - ABE control ; .
configuration

Interface to Calypso DBB;
Locosto DRP2 Wrapper Extra RAM for script

storage
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Making

P Script Processor

 The Script Processor is a DRP2 module whose main purposes are:

Provide simple API to the digital baseband
Perform calibration and compensation of the analog and RF front-end

 SCR2 can perform operations based on a preloaded “scripts”

« SCR2 has the following hardware resources:

Registers (scalar, vector)

32 bit ALU, Multiplier, a sequential divider
Boolean logic

OCP master and slave interfaces
Wall-clock timer

Wait on hardware event

« The SCR2 has no internal RAM, so it uses a section of the SRM memory to store program
instructions (scripts) and data. It can also use external RAM (in Locosto wrapper) for
storage. There is no performance difference between using SRM RAM or external RAM as
Locosto wrapper supports zero wait state response.
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Making SCR2 Script Control

Wireless

e The SCRIPT_PTR_0to SCRIPT_PTR_15 reqisters are used for storing
the start addresses of the scripts.

« The SCRIPT_START register has to be programmed with script
numbers that need to be executed on a particular triggering condition.
 There are two ways of starting a script:

— Event-triggered. Currently edges of TX-START and RX-START
signals are considered for script triggering.

— Set the script_start bit in the SCRIPT_START register. Writing ‘0’ to
this bit stops any running script.
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Making — Shared RAM Module

« The Shared RAM Module (SRM) provides the following functions:

— Single time-shared data storage RAM used for TX data, RX data and
scripts

— Memory-mapped access to the control words for analog modules
— RX data buffer and interface to the DRX module

— TX data buffer and interface to the DTX module

— Script processor instruction buffer

— CALC data buffer for SCR

— Read access to DRP2 EFUSE data (where bandgap trimming values
are stored)

« RAM size is 1024 * 32 bits words (4kbytes) and mapped into the OCP
memory space

Locosto RF 75
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Making
Wireless

SCR2 Wrapper Memory

4 kBytes RAM added into the wrapper to extend SCR memory:
— Needed to store the scripts, compensation algorithms and calibration tables

— This memory can be accessed via OCP bus (OCM port) => it is accessible
by the 3 processors (SCR /MCU / DSP)

MEMORY
1k X 32 bit

DRP2

OCP1

drp_dbb_rx_it

OCPM < ———— 0CP2

—

TPU20CP

K—) TPU

|

=

OCP2MEM

|

y

A 4

DSW_OCPRHEA

Programmable

Mask

l<—

A 4

RHEA
SWITCH

v

ARM
RHEA Bus

1l

APC

Locosto RF

v

DSP
RHEA Bus

|

DMA,
IT handler
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Making
Wireless

Digital RF Processor

DRP Wrapper

Locosto RF 77
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LCLI DRP Wrapper

Wireless
Locosto Radio oo
L ]
Interface DRP2.0
Transmitter
CKM Tx LB
EEEEEEEEEEEEEEEEEEEEEERERN) ADPLL
E : ALO [~ .
E E Script
E Wrapper E Processor |_%2 | °
: ] Ll orx | | e Tx HB
] | E ")
Digital :
j_* Interface | o (si:? I:: . Receiver | bcupcu |
-|" | to DBB : iy |
: : buffers) CTA MTDSM o L )
] l I il | | o
. ] L ADC </¢'t__ SET 1l TAMIX R LNA .
: APC/ | |1 7 R .
. DAC ] DRX B .
- : DTST | —— TR .
-lllllllllllllllllllllllllI ADC 4 FlLT _::£LNA .
/ 11 O
(R .
[E6ipo |
v v | \
Locosto RF 8
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Making
Wireless

DRP Wrapper

Bus I/F (RHEA/OCP bridges)

— DSP-DRP Control & data path

— MCU/DMA-DRP Control & data path
TPU20CP I/F

— Q-bit timed event control from DBB to DRP

— Q-bit timed event from DBB to Front End Module & Power Amplifier (TSPACT’S)
Power, reset & Clock system management

— Power-up sequencing

— Programmable startup timer (RHEA bus)

— DCXO & Retimed Clock control
Interrupt & DMA Request

— Rx events Programmable mask counter (RHEA bus)
Calibration/Compensation RAM

— 4-KByte RAM Shared DBB/DRP

— XIP for DRP’s Script-Processor

— DSP & MCU/DMA access for calibration scenario load/pre-set
APC function
TEST & debug DBB/DRP alignment (TAP/JTAG, eFuse...)
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Making DRP Wrapper Overview

Wireless
~ e DRP
S | rape

TEST BLOCK
JTAG
DCXO & CLOCK FUSE
TesT (=Y <<, " SCAN
(::> INT TEST
::> DRP
OCPM ocP2

APC

% A%

DSP RHEA BUS MCU/DMA RHEA BUS
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laking Bus Interface

e DRP2 has three OCP busses: two slaves
and one master managed by the internal
script processor.

Ry
DRP wrapper DRP2

DCXO_MGMT

e OCP1 and OCP2 slave busses are two
identical 16 bits data interfaces dedicated
to access internal registers. e

———N ocP2MEM QcP

|
OCP®¥#2

DSW_OCPRHEA

* OCP1 bus has the priority on OCP2 bus. ose e

RHEA_SWITCH [——— % APC

MCU/DM/
rhea

 OCP master bus is used by the script :
processor to access scripts located in
wrapper memory.

TPU20CP .:q>().PU¢l
7S

- Ly

TPU

« All the memory space (8 Kbytes)
allocated to the DRP2 is accessed
through OCP1 & 2.
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Making DSW_OCPRHEA

Wireless

« MCU (DMA) and DSP are both
connected on OCP2 bus and
they have their own Rhea bus.

e The arbitration and conversion

DRP wrapper

DCXO_MGMT

MEM
32X1k

OCP2MEM

DRP2

AO
(@]
0
<

]
B

from Rhea to OCP is done by DS thes

the DSW_OCPRHEA module.

CU/DMA

DSW_OCPRHEA

rhea

Locosto RF

EEEEEEEEEER
> RHEA_SWITCH APC

TPU20CP

Wt

OCPS#2

I

7s

OCPS#1

7

TPU
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wiress TPU20CP

As TPU access are more
constrained, it is connected on
OCP1 (OCP1 higher priority than
OCP2) bus through the TPU20CP
module.

DRP wrapper

DCXO_MGMT

MEM

PXIK [ OCP2MEM

DRP2

AO
(@)
)
<

DSW_OCPRHEA

TPU used a parallel 8 bits data bus

DSP rhed

to access the TPU20OCP, which

N

OCPS#2

> RHEA_SWITCH APC

executes the OCP access when ypouns
requested by TPU.

-

TPU20CP

TPU20CP module is based on the
previous TSP interface with an OCP
master interface replacing the serial
interface.

Locosto RF

f“

TPU

ULPD

OCPS#1
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sl DCXO MANAGEMENT

Wireless

e DCXO_MGMT module
manages the DCXO clock in
the DBB chip.

DRP wrapper
IIIJJpIIII. DRP2

]
DCXO_MGMT

|t manages DRP2 DCXO {

interface during the following

AO
(@)
)
<

OCPS#2

events N 5

— Power-up e

— Sleep on =T .

— Wake-up L e
7 @ |

TPU

* It requests and cuts the DCXO
clock according to the external
Triton clock request.
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Making DCXO Management in System View

Wireless

——PWON—»|
—RPWON—»|
——CHG—{
——USB—|
—SW_COND-»|
—ITWAKEUP2»|
—CLKREQ—|
——RTC—|
—ITWAKEUP1»|

TRITON
FSM

CLK_EN——»

ON_nOFF >

BG_EN——»———
BG
I SLPZ—»] ——BG_QUICK—»——
LOCOSTO —DCXO_LDO_EN
DCXO_MNGMT DRPFSM '
I CLRZ—» ——DCXO_EN—»—
L DCXO_CLK_EN LDOX
SYSCLKEN———————
GPE——» R DCXO
——TCXOEN—»
LOCOSTO
DBB_ULPD
|——SLICEREN—»
CLK13_EN—»
W_13CLK—
L_CK13M
LOCOSTO DBB CORE
Locosto RF
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Making
Wireless

Digital RF Processor

DRP Timing

Locosto RF 86
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Making Power On Sequence

Wireless

» 26MHZz is switched on and Triton LDOs are on
 Scripts are loaded by the MCU to the script processor memory (SRM)
 Then MCU switches on the RF LDOs by calling the REG_ON script
* REG_ON script is triggered by RF_INIT
— VCORE is provided first at start-up
— Then VR2 (DCXO) is provided by Triton, then VR1 for other RF blocks
— VCORE and VR2 sequencing is controlled by Triton FSM
— VRL1 is switched ON/OFF by SW

VR2

VR1 ] |

Power Domain [Enabling Order Disabling Order

VCORE 1st last

VR2 2nd (T1= TBD*T32Kk) |2nd (T4=TBD*T32k)

VR1 last (T2= TBD*T32k) |1st (T3= TBD*T32k) o
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wakirg «  DRP External Supply Voltage

; 1.1V tol.8V, 30mA

1.4V , 5mA :
LuF 9 yF extr:rnal cap To DCXO  VR2=2.8V PR
| ® Low Noise at low < I 7
$ frequencies ToD : 10 “F $ :
EO 9V Internal, i
'Trimmed : :
LLoCosto & | Triton
4 :
1.1V to 1.8V, 30mA
4T uF 47 uF external cap J 0 DCO : $ 470 nF :
Low Noise at high : :
! frequencies : :
1.1V to 1.8V, 30mA ! |
1 uF o 1 uF external cap To RF | VR1=2.8V | —
Low Cost-Area < ] | ?
: 10 uF==

) v
1uF 1 pFexternal cap To ABB
I ® Low Cost-Area |
To DRP '
<< > |
JoDRP , VCOREfl .3V
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Making RX Operation — Single Slot

Wireless

L1

Blurst at antenna I__—.tﬂ i

| t=0
RF F Py H

[ErS T anrTre fegy

Frovgranm A £
O S| o H : -

A i |_| H
Qi ER e g H |

i :

Rx_START s l

1D [DRF Bulfer) | [ B | | I """""""""""""""" | ] I

R_IRO_EM

-t i
drp_dbb_rxire i D) -._.___H_:l 8 e e e I I{f, #1500
kA transfor l l D I I
E . .

Drda_ 1T I I
ba 10 o i

= offsot 9
Ao ourmoilatl on Fariodcl :

T I -

=) — ’ Pragrarm l:lidllhn“ el Ii
DR e affsal S —_—
i ri En-lﬁ Sarmplo I - '%’ Copy Levels (o SRM — % |
i ,,;.'f; offsei_isble[] i ﬁ ! -
—= el =
IDLE SCR I t12
OSSP i Cffset
o
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Making  RX Operation — Multi-Slot

Wireless

Elurst ot arvborre TED ------- T= |... L= B

RFE Fraog | |

R =T= N s anllal=]

. e
Frooroscgaraernm Sl :
OO O — i

d
e H
(SIS T L T R TE AT+ ] H
T e _
i H

R _START :-... s ' ,_l é TSO 0 0 s T=rd |

s e e : [ — I I | |
- b — v 1 H -
i i S H i [
: - - i :
IRy i i ] i |
H i i 1 -
i £ : #1
Irgs_ adlst i reg L \‘E-— e —-I I/ """" T I’é//‘ v e L
_ -
ol Er Fazn i’ i H : I I ------------ :- --------------- l E
e : H ; i I }A
- : i 1 — =3 -
i i =] t13 i t10 ii
O it [ 1 i 1 i
Ao ooy Lilestd osr e ri ol ' H : 1 E H
R e offEat S e o Frogr "“E:j";‘fl "I I--. I_E — = = ; ; |
! £ == % . = ; H
oy Levals 1o SRR o s el e ksle]O] t 1 é H
prnﬂ mrm Pl ow sliarting & End samploss H H
§ Copy Leveis o S I _";E LI
- e H n-rn.m AmbilaF-1] i ._l —
I p ] ] H
Oy D s —I ------- ﬂ
Fam ol
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wireloss  Masking of The First Rx Interrupts

« When RX_Start raises, digital Rx clocks are resynchronized so that 100kHz sine
wave has a known initial phase.

* Due to the CSF group delay, first Rx I/Q samples are distorted by this re-
synchronization and therefore have to be dropped.

> —
DRP_DBB_Rx_IRQ Rx_IRQ

Enable
Programmable

counter

T DBB_DRP_Rx_Start

DBB_DRP_Rx_Start I_
DRP_DBB_Rx_IRQ AdAd—4A AA
-
programmed value
(default is 16)
Enable | |_
Rx_IRQ L — AA
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Making Tx Operation - Single Slot

Wireless
TH_OM SCR o
tl
RF_Freg =
Frogrammin =] ]
: : t10 |
Frogram ADC : : r*—*
cccccccccc : : : -
TH_START i tz2 | [
e ————
TXDATA APC_TS0 1
DSP -> DRP Tx :
Euffer & APC , : ;
; : t3a | 3k
: - —il-i L-—
APC_EM H i I
R ta i
START_AFPC ; : 1
Ramp_EN h‘ —‘ 5

APC

R Moddaton W\ WWWWWWN\: :
IDLE SCR : ’ _-H~ '
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Making
Wireless

TX Operation - Multi-slot

THX_OMN SCR

RF_Freg
Frogramming

FProgram ADC
CONYarsion

OSF -= DRF Tx
Buffer & AFRPC

APC_EM

START_APC

to
t
-~ 5
E E —
! : Htm g
Y-S TPU_EROG . TPU_PROG i
s 5 [Tso | Ts1
T DATA : : TX DATA . :
ili il o
Py t9a t3b
: —- —
R

Ramp_ERM

APC

DRF Modulation

IDLE SCR
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Making
Wireless

TX Operation Timeline

TX ON

Power Manag

PVT mode
Acqg. mode
Tracking mode

Pl calculation

KDCO calculation

[]

10 US

-~ ~ -~
~ ~

10 US

N~
~r

~ -~ -~
~ ~r

| L
18 US
accum ()()
65 US
| KDCO Calculation | (
Pl update KDCO update TX Start
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laking — TPU Drivers

 TPU is responsible for the real-time control and programming of
DRP

* Receive operation
— Normal Burst
— Synchronization Burst
— Power Measurement
— Frequency Burst

* Transmit operation

— Normal Burst
— Access Burst
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weZss  TPU Drivers

Initialization RX functions TX functions
I1dmacro_init_hw I1dmacro_rx_synth I1ldmacro_tx_synth
rf_init
|| rf_program |
RX | X

R |LAMACIO_@QC 8-t ;

I1ldmacro_rx_up I1ldmacro_tx_up
I1dmacro_rx_nb :
I1dmacro_rx_sb y Y p I1dmacro_tx_nb
' I
Ildmacro_rx _ ms o—> [Burst Length] [Burst Lengt } Ildmacro_tx ra
I1dmacro _rx_fb |
I1dmacro_rx_fb26 3 Y
I1dmacro_rx_down I1dmacro_tx_down
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Making TPU Programming

Wireless

 DRP reqisters are constituted by:
16 address bits; 16 data bits
1 TPU write to DRP register is done by a 32 bits transfer
— 5 TPUMOVE instructions (2 for address, 2 for data, 1 for transfer control)
— OCP transfer
oo = DX (gj 1 +2x(52)" +5x(52) " = 4.75us

- J « J (. J

~

TPU OCP Latency

o 5.15 gbits => Minimum time during two consecutive DRP register programming is
5qbits

 OCP regqisters format

Setting Value

Address bus 16 bits
Data Bus 16 bits
Clock DSP _CLK /2 =52 MHz
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