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LMS8001A RF Mixer Channel Programs Configuration

Overview

This document describes how to setup different predefined configurations on LMS8001 mixer
channel. These predefined configurations, named Programs 0, 1, 2 and 3 can be loaded via SPI
signal or, which is described here, via external signals which are connected on GPIO pins.
Although this document describes a procedure on LMS8001A chip, very similar procedure
could be done on LMS8001B chip.

Chapter 2, Hardware Description, explains hardware configuration related to the RF channel
mixer. Both chip variants, LMS8001A and LMS8001B are described.

Chapter 3, Software setup, outlines the board setup in GUI for both chip variants, LMS8001A
and LMS8001B.

Chapter 4, Testing the board, provides a description of the test bench and includes screenshots
from the spectrum analyser taken during different mixer channel configurations.

Chapter 5, Appendix, provides the C-code for the Arduino IDE that was used in the test bench
for the microcontroller board, which generates the external signals connected to the GPIO pins
of the Companion Board.

It should be noted that the LMS8001 Companion Board is supplied with the LMS8001A chip.
Nevertheless, this document also describes the same fast mixer channel configuration switching
procedure for the LMS8001B chip, please see the chapters 2.2 and 3.2. There are two reasons
for this:

1. Some of our custom-made Companion Boards are specifically manufactured with the
LMS8001B chip.

2. The LMS8001 Application Boards use the same GUI (Ims8suite) for configuration, and
these boards are available with both chip versions, LMS8001A and LMS8001B.
Therefore, this document can also be used as an instruction manual for the Application
Board.
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Version: 1.0.0 Last modified: 13/02/2026 1



LMS8001A RF Mixer Channel Programs Configuration

Hardware Description

2.1 RF mixer channel configuration - LMS8001A

A structure of LMS8001A channel is given in Figure 2.1.
CHx_LNA_GCTRL[3:0]

CHx_LNA_CGSCTRL[1:0]
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Figure 2.1: RF Channel - LMS8001A

Block diagram which depicts control signals of mixer channel digital circuit is given in Figure
2.2. Control signals are divided into three groups, each with four sets of values, which results
in total of 64 possible configurations. Signal group multiplexer control signals are generated by
MUXSEL macro, allowing the control via GPIO pins, SPI registers, or combination of them.
Registers relevant to RF Channel configuration are grouped into register banks Channel x
(x=A,B,C,D).

© Copyright Lime Microsystems Proprietary and Confidential
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Figure 2.2: RF Channel control signal multiplexing

2.2 RF mixer channel configuration - LMS8001B

A hardware configuration of LMS8001 mixer, which enables mixer channel programs, will be
provided in this chapter. A structure of LMS8001B channel is given in Figure 2.3.

X7  HLMIXx_LOBUF_PD

HFINx_P [} 7 [ HFOUTx P
(X)

HFINx N[l ] HFOUTx N

HLMIXx MIXLOSSé3:(§
HLMIXx _VGCAS_BIAS[6:0]
HLMIXx_ICT_BIAS[4:0]
HLMIXx BIAS_PD

Figure 2.3: High-Linearity Mixer (HLMIX) — LMS8001B

Channel control signals are generated by digital circuit shown in Figure 2.4Error! Reference
source not found.. Signal group multiplexer control signals are generated by MUXSEL macro,
allowing the control via GPIO pins, SPI registers, or combination of them. Registers relevant
to HLMIX configuration are grouped into register banks HLMIXx (x=A,B,C,D).
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Figure 2.4: HLMIX control signal multiplexing
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Software setup

The software setup consists of several steps, which are described below. This chapter describes
the setup of an LMS8001 mixer channel.

Since GPIO signals will be used, it is necessary to connect the appropriate external signals to
the P2 connector, shown in Figure 3.1.

In chapter 0, Channel B is used as a demonstration example, therefore, RF connector J6 should
be connected to the signal generator and J9 should be connected to the spectrum analyser.

In chapter 0, Channel C is used as a demonstration example, therefore, RF connector J7 should
be connected to the signal generator and J10 should be connected to the spectrum analyser.

J8 J4 J7 J9
(CHAO) (CHDI) (CHCI) (CHBO)

ooy

J13 J1
(REF CLK) < (Uss)

J11 J10
(CHDO) o8 (CHCO)

¥l
B, o
Lg="ilom) e =

028 T: (]

J3 J5 J6
(EXTLO)  (CHAI)  (CHBI)

Figure 3.1: LMS8001 Companion Board RF connectors
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3.1 Setting RF mixer channel programs for LMS8001A

An example will demonstrate how to create four different configurations for RF Mixer
Channel B. Fast configuration selection is achieved using two external signals connected to the
P2 connector pins GPIO0 and GPIO1. The configuration procedure for the LMS8001A chip is
described below:

1. Connect the appropriate DC supply via connector J2 and select the correct DC supply
source using connector JP1, shown in Figure 3.1.

2. Connect the board to the PC using a USB cable. Refer to the USB Type-C connector J1
shown in Figure 3.1.

3. Connect two external signals to the GPIO0 and GPIO1 pins of connector P2. These
signals control the current state of RF Mixer Channel.
Pay attention to the DC voltage levels of these signals. They must be 3.3 V when the
LMS8001 Companion Board is used in the experiment.

4. Start the GUI application, ImsS8suite. After this step, the startup window shown in Figure
3.2 should appear.

Figure 3.2: Startup window

5. Connect to the board via serial port
a. Click the Options button and select Connection Settings
b. The Connection Settings window will appear. Select the appropriate serial port
c. Click the Connect button

© Copyright Lime Microsystems Proprietary and Confidential
Version: 1.0.0 Last modified: 13/02/2026 6
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LMs8001 GUI

port: Mot Connected

Figure 3.3: Connect to the LMS8001 Companion Board

6. Select the RF Mixer Channel
a. Select the LMS8001A4 — Channel tab
b. Select Channel B

Meset | Chip->GUl GUI->Chip  eioad Panel
PLL Configuration | R

A -

UM ret cumrsntfum gain contral

16 =)

e
o pa RS,
MuX Contrel
Power dowr LKA P
Bio | Bit1 8o | Bkl Beo | Bit1
¥ INTERNAL ) INVERT o INTERNAL | INVERT ) INTERNAL [ INVERT
GHIO Mask GRIC Mask GHI0 Mask
912345678 [0123456786[0123456867%8
Internal | Intemal
Bito (] mit1 8 B Bro (Bt
[11:25:47] Disconnected control part Cloar
[11:26:37] Cannected Contral port: EVBE FN:1 HW.0 Pratocal:1

Shaw Log

Control pert: EVEE FIW.1 HW.0 Protocal:1

Figure 3.4: Channel selection

7. Set the four predefined configurations — Programs
a. Navigate to Programs 0, 1, 2 and 3
b. Enable or disable mixer channel subblocks according to the specified
configuration

In the figures below, only the states that differ from the startup state are emphasized. Table 1,

Table 2 and Table 3 provide detailed information about each subblock configuration.

© Copyright Lime Microsystems Proprietary and Confidential
Version: 1.0.0 Last modified: 13/02/2026



LMS8001A RF Mixer Channel Programs Configuration

LMS8001 GUI R LMS8001 GUI R

Fia Options Help  Medules
CHANNEL
New Open Save A®B O

on  LDOS Con on | LMSS001A - Channel | LMS800:

Fio Options Help  Modules

CHANNEL
il Resst | Chip->GUi GUI->Chip | Reload Panel New open Save A®EOCOD Reset | Chip->GUI  GUI->Chip  Aeioad Panel
18 - High-Linearity Mixer | PLL Canfiguration | PLL Profiles tion | LMSS001A - Channel | LMSB0018 - High-Linearity Mixer | PLL Configuration | PLL Profiles

- b1
—

| M_MSI : : b1l memss | 1 o :
MAIN ref i m MAIN gain control AN 16 - 5 " o MAIN ref. current  MAIN gain control
16 o 16 sl .

-l [> L% fogs additional a1 [> ® i [> Y ddtional
anm 2 4 e -
o Lna PD wmxarol e | o Lna PD wmxarol m
T 5 T
< P pso < Pa_nso I 2
MU contro WX Contros
Power down ™ ™ Powes down ™ ™
Bito | Bit1 8o Be1 B2 | Bit1 Bito | @il 8o Be1 820 | Bit1
# INTERNAL || INVERT o INTERNAL _| INVERT 4 INTERNAL [ INVERT ) INTERNAL | INVERT o INTERNAL _| INVERT A INTERNAL | INVERT
GHIO Mask. GRIO Mask: P10 Mask GPIO Mask. GRIO Mask: GAIO Mask
9123456738 012345678 (0123456758 0123456738 | 012345678 (012345678
Internal nterna Internal Internal nterna Intermal
Bro []m1 meo (a1 Bro 1 8o (Bl meo (a1 Beo []Bit1
[11:25:47] Discennected contro = [11:25:47] Disconnected contro =
113.26.371 Cannacted Control port: EVBE FW MWD Brotocotd [11:26:37] Conpected Contral por: EVBE FW MWD Brotocold
Shaw Log Shaw Log
Log datal Log datal
Control port: EVBE FW:1 HW.0 Pratocol 1 Contral port: EVE FW:L MWD Protacol 1
LMS8001 GUI T LMS8001 GUI T
Fio Options Holp Modules Fie Options Help Modules
CHANNEL CHANNEL
tew open Save A8 OCOD Reel | Chig->GUI GUI->Chip | Relosd Panel = open Save A@®8OCOD Resst | Chip->GUI GUI->Chip | Reload Panel
Chip Configuration | LDOS Configuration | LMSS001A - Channel | LMSB0018 - High-Linearity Muker | PLL Configuration | PLL Profiles Chip Configuration | LDDS Configuration | LMSS001A - Channel | LMS80018 - High-Unearity Miser | PLL Configuration | PLL Profiles

Power-down P Power-down A P
UN 1o - \Sberet cumrent U gain control ™o e - LIN ref. current _ LIN gai control
- VPO 16 N =, VPO A BYPASS | 16 =la
MAN g = MAN g - =
- . A ref - . MAIN ref current BN gain co
1 EE 3 - - o 16 =
(Cgs additional - | D ® + D L% logs adiitional
B 2 B
n [ oo fncos = =) [ oo
bl b2 , bl b2 b3
MUX Contro MUX Contros
Power-domn L Powes-damn s
Bio | g1 5o | pe1 Beo |1 sito | gy 5o | pe1 820 | gty
1 INTERNAL () INVERT | INTERHAL "] INVERT ) INTERNAL () INVERT 4 INTERNAL (] INVERT | INTERHAL ] INVERT % INTERNAL |~ INVERT
GPIO Mask PO sk GPIG Mk GPIO Mask PO sk GPi0 sk
012345678 |012345678 (0123456768 012345678 |01z3a5678|[61234567%8
internal rrermal internal internal rrermal internal
Bro (a1 sro (el Bro (sl 8o sl sro (el 820 [ Bl
1225471 Disconnected contro = [11:25:47] Disconnected contro =
111:28:37] Cannected Contral pore: "EvB W1 D Protocot [11:28:37] Connected Control pott- "EBE W1 KD Protocot s
Show Lag Show Lag
Log data Log data

Control port: VBB FWL

Table 1 — RF Mixer Channe

W0 Protocal 1 Control port: EVBB FW) HWD Protocoll

Figure 3.5: Mixer channel Programs configurations

| Programs Configurations: Set 1

LNA_PD

MIXA PD | MIXB_PD | PA RS0 PA_PD PA_BYPASS

Program 0 Checked

Checked Unchecked Checked Checked Checked

Program 1 Checked

Checked Unchecked Checked Unchecked Unchecked

Program 2 Unchecked Unchecked Checked Checked Checked Checked

Program 3 Unchecked Unchecked Checked Checked Unchecked Unchecked

Table 2 — RF Mixer Channel Programs Configurations: Set 2

LIN ref. current MAIN ref. current | Cgs additional Gain Control

Program 0 16

16 2 8

Program 1 16

16

Program 2 16

Program 3 16

2
16 2
16 2

oo |00 |00
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Table 3 — RF Mixer Channel Programs Configurations: Set 3

LIN gain control MALIN gain control
Program ( 0 0
Program 1 0 0
Program 2 0 0
Program 3 0 0

This example demonstrates how GPIO signals can be used to control the active RF Mixer
channel configuration. Four predefined configurations are provided in the GUI and are named
Program 0,

Program 1, Program 2, and Program 3.

Each program actually contains three independent sets of parameters, as shown in Table 1,

Table 2, Table 3 and in Figure 3.6, resulting in a total of 64 possible predefined configurations. However, since

the parameters in Set 2 and Set 3 do not vary in this example (see

Table 2 and Table 3), only four different configurations are demonstrated here.

Peset

GUi->Chip  Reload Panel

= Set 2 Set 3

Internal
Bito (] mit1

Set 1

Figure 3.6: Independent sets for RF mixer channel configuration

8. Configuring the control GPIO signals

The same procedure should be applied to all Bit 0 and Bit 1, in all three sets, as shown in Figure

3.7.

a. Select Bit 0 or Bit 1
b. Uncheck box INTERNAL

c. Connect control Bit 0 or Bit 1 to the desired GPIO pins by selecting the
corresponding checkboxes in the GPIO Mask

© Copyright Lime Microsystems Proprietary and Confidential
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Figure 3.7: Setting control bits (Bit 0 and Bit 1 for all three SETs) and connecting them with GPIO pins
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9. Finalizing the setup procedure

Select the PLL Profiles tab

Set the LO frequency

Click the Smart Tune button

Check if LO frequency is successfully generated

Connect the LO signal to Channel B and verify its operation

uuuuuuuuuu

© a0 o

Figure 3.8: Setting LO frequency

After completing all the steps described above, the LMS8001A chip is properly configured.
The signal should appear on the spectrum analyser, and its changes should be synchronized
with the two external signals connected to the GPIO0 and GPIO1 pins of connector P2.

© Copyright Lime Microsystems Proprietary and Confidential
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3.2 Setting RF mixer channel programs for LMS8001B

An example will demonstrate how to create four different configurations for RF Mixer
Channel C. Fast configuration selection is achieved using two external signals connected to the
P2 connector pins GPIO0 and GPIO1. The configuration procedure for the LMS8001B chip is
described below:

1. Connect the appropriate DC supply via connector J2 and select the correct DC supply
source using connector JP1, shown in Figure 3.1.

2. Connect the board to the PC using a USB cable. Refer to the USB Type-C connector J1
shown in Figure 3.1.

3. Connect two external signals to the GPIO0 and GPIO1 pins of connector P2. These
signals control the current state of RF Mixer Channel.
Pay attention to the DC voltage levels of these signals. They must be 3.3 V when the
LMS8001 Companion Board is used in the experiment.

4. Start the GUI application, ImsS8suite. After this step, the startup window shown in Figure
3.9 should appear.

Figure 3.9: Startup window

5. Connect to the board via serial port
a. Click the Options button and select Connection Settings
b. The Connection Settings window will appear. Select the appropriate serial port
c. Click the Connect button
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LMs8001 GUI

r. T Modle
" open

Figure 3.10: Connect to the LMS8001 Companion Board

6. Select the RF Mixer Channel
a. Select the LMS8001B — High—Linearity Mixer tab
b. Select Channel B

Figure 3.11: Channel selection

7. Set the four predefined configurations — Programs
a. Navigate to Programs 0, 1, 2 and 3
b. Turn on BIAS and LOBUF by unchecking the corresponding boxes
c. Change the Loss control for Programs 0, 1, 2 and 3 on the values 4, 8, 12 and
15, respectively.

In the figures below, only the states that differ from the startup state are emphasized. Table 4
and Table 5 provide detailed information about each subblock configuration.
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LMS8001 GUI . s ox LMS8001 GUI

LMS8001 GUI - s x LMS8001 GUI

Reset

Figure 3.12: Mixer channel Programs configurations

Table 4 — RF High Linearity Mixer Channel Programs Configurations: Set 1

Ul->Chip  Relosd Panel

BIAS PD LOBUF_PD LO bias voltage Bias current control
Program 0 Unchecked Unchecked 64 16
Program 1 Unchecked Unchecked 64 16
Program 2 Unchecked Unchecked 64 16
Program 3 Unchecked Unchecked 64 16

Table 5 — RF High Linearity Mixer Channel Programs Configurations: Set 2

Loss control
Program 0 4
Program 1 8
Program 2 12
Program 3 15
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This example demonstrates how GPIO signals can be used to control the active RF High
Linearity Mixer channel configuration. Four predefined configurations are provided in the GUI
and are named Program 0, Program 1, Program 2, and Program 3.

Each program actually contains two independent sets of parameters, as shown in Table 4 and
Table 5 and in Figure 3.13, resulting in a total of 16 possible predefined configurations.
However, since the parameters in Set 1 do not vary in this example (see Table 4), only four
different configurations are demonstrated here

LMS8001 GUI

Setl Set2

Setl Set2

Figure 3.13: Independent sets for RF mixer channel configuration

8. Configuring the control GPIO signals
a. Select Bit 0 or Bit 1
b. Uncheck box INTERNAL
c. Connect control Bit 0 or Bit 1 to the desired GPIO pins by selecting the
corresponding checkboxes in the GPIO Mask

The same procedure should be applied to all Bit 0 and Bit 1, in all three sets, as shown in Figure
3.14.
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LMS8001 GUI LMS8001 GUI

Resst | Chig->GUI  GUI->Chip  elosd Panel

Resst | Chig->GUI  GUI->Chip  Relosd Panel

port: EVBS FW:1 HW.0 Protocol:d

Figure 3.14: Setting control bits (Bit 0 and Bit 1 for all three SETs) and connecting them with GPIO pins

9. Finalizing the setup procedure

Select the PLL Profiles tab

Set the LO frequency

Click the Smart Tune button

Check if LO frequency is successfully generated

Connect the LO signal to Channel B and verify its operation

LMS8001 GUI

o po o

0l 8200 =
C31pFl | 16800  w
C2IpFl | 28000 | »

CLIPFl 10800 =

Se———— e /]

ontrol port: EVBB FW:1 HWO Protocotl

Figure 3.15: Setting LO frequency

After completing all the steps described above, the LMS8001A chip is properly configured.
The signal should appear on the spectrum analyser, and its changes should be synchronized
with the two external signals connected to the GPIO0 and GPIO1 pins of connector P2.
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Testing the board

This test was designed to verify fast switching of the mixer channel configuration on the
Companion Board. The mixer channel configuration is controlled by two external signals,
which are generated by an Arduino microcontroller board. A detailed list of the hardware
devices used in this test is provided below:

1. RF mixer board: The LMS8001 Companion Board 3v2

2. Micro-controller board:  Arduino Nano RP2040 Connect board

3. Spectrum analyser: Agilent E4440A

4. Signal generator: Agilent E8267D

5. DC supply unit: Rigol DP832

6. Computer: Any PC with Ims8sutie and Arduino IDE installed on it

For detailed information about the connectivity between devices, please refer to the block
diagram shown in Figure 4.1.

Micro-Controller Board

Test Bench
RP2040 J1
@
D10 D11 GND O
9 R
fxln) 0] %
LMS8001 o 18 = \g
. g5/ \l=5
Companion fbg [OR= %
Signal Generator Board Spectrum Analyser
GHz Q
dBm o
[u]
2 S
2 6 K
DC Supply 6 JQ
S
ooo
v/ | BHB
+ - 12
{°9 ]

Figure 4.1: Block diagram of the test bench
(for detailed info about the Companion Board connectors please see Figure 3.1)

© Copyright Lime Microsystems Proprietary and Confidential
Version: 1.0.0 Last modified: 13/02/2026 17



LMS8001A RF Mixer Channel Programs Configuration

Connectors from the Figure 4.1above are described in following text:

1. J1 USB connector, for the Companion Board 3v2 it is Type-C connector
J6: Channel B input

J9: Channel B output

P2: GPIO connector

J2: 5V DC power connector

Nl

Figure 4.2: Photo of the test bench
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The most relevant parameters for the test:

1. Signal generator output power: —30 dBm

2. Signal generator output frequency: 2.1 GHz

3. Spectrum analyser central frequency: 6.8 GHz

4. LO frequency, generated with Smart Tune: 4.7GHz *

5. External signal switching speed: 3 seconds *

6. The Companion Board Channel B is used: up-conversion case

* Please keep in mind that, for the purpose of this test, some parameters differ from those

described in the previous chapters:

1. The LO frequency is set to 4.7 GHz instead of 5.5 GHz, as shown in Chapter 3.
2. The switching period is increased to 3 seconds instead of 1 second, as specified in the

C-code in the Appendix.

The change in mixer channel configuration can be observed in spectrum analyser. Screenshots
for four different mixer channel configurations are given in Figure 4.3.
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Figure 4.3: Measurement results, spectrum analyser screenshots taken for predefined Programs
(predefined programs are described in Table 1, Table 2, Table 3 and Figure 3.5)

Table 6 — Measurement results for four mixer channel configurations

Measured power
Program 0 —51.7 dBm
Program 1 —46.5 dBm
Program 2 —50.1 dBm
Program 3 —39.3 dBm
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Programs 0 and 1 include mixer channel branch B, which contains only MIXB in its RF signal
path, while Programs 2 and 3 include mixer channel branch A, which contains LNA and MIXA
in its RF signal path, Figure 2.1. As a result, Programs 2 and 3 are expected to have higher gain
than their corresponding Programs 0 and 1. Additionally, Programs 1 and 3 include the PA in
their RF signal path, while Programs 0 and 2 bypass the PA. Therefore, Programs 1 and 3 are
expected to achieve higher gain than their corresponding Programs 0 and 2. Keep in mind that
the LNA in mixer branch A is operating far from its optimal condition; therefore, its gain is
barely noticeable during this test, approximately 1 dB.

Please keep in mind that the purpose of this test was not to achieve optimized RF mixer
performance in terms of gain, linearity, or similar parameters. This test demonstrates an
advanced feature of the LMS8001 chip: fast channel configuration switching using external
signals.
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Appendix

5.1 Arduino IDE RP2040 C-code

#define 1lms gpio 0 10
#define 1lms gpio 1 11

int t ms = 1000; // delay in ms
int counter = 0;

int bit0 = 0;
int bitl = 0;
String msg0 = "0 V";
String msgl = "0 V";

void setup () {
pinMode (LED BUILTIN, OUTPUT) ;
pinMode (1lms gpio 0, OUTPUT);
pinMode (1lms gpio 1, OUTPUT);

Serial.begin (115200) ;

// Update pins

void updateGPIOs (int b0, int bl) {
digitalWrite(LED_BUILTIN, b0) ;
digitalWrite (lms gpio 0, DbO0);
digitalWrite (lms gpio 1, bl);

}

// Update msgs
String updateMSG (int b0) {

String msg = "0 V";
if (b0 == 0) {msg = "0 V";}
else {msg = "3.3 V";}

return msg;
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void loop () {
delay(t _ms);

// Control bits calculation
bit0 = (counter >> 0) & 0x01; // LSB
bitl = (counter >> 1) & 0x01;

// MSG update
msg0 = updateMSG (bit0) ;
msgl = updateMSG(bitl);

// GPIO pins update
updateGPIOs (bit0, bitl);

// Serial output

Serial.println("");

Serial.print ("Channel Program number: ");
Serial.println (counter);

Serial.print ("Ctrl BitO: ");
Serial.print (bit0);
Serial.println(";\t voltage: " + msg0);

Serial.print ("Ctrl Bitl: ");
Serial.print (bitl);
Serial.println(";\t voltage: " + msgl);

// counter update (0-3)

counter++;
if (counter > 3) {
counter = 0;
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