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A look back…
(device count  = 1)
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High Speed Serial Evolution
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SGMIITM

1.25 GBd
(2001)

PCI-EXPTM Gen1
2.5 Gbps

(2003)

Serial-ATATM

3.0 Gbps
(2005)

IEEE802.3aeTM

(XAUI)
3.125 GBd

(2003)

PCI-EXPTM Gen2
5 Gbps
(2006)

Serial-ATATM

6 Gbps
(2008)

PCI-EXPTM Gen3
8 Gbps
(2010)

CPRI
6.144 Gbps

(2009)

IEEE 802.3apTM

(XFI/KR)
10.3125 Gbps

(2010)

QSGMIITM

5 Gbps
(2007)

PCI-EXPTM Gen4
16 Gbps 

(v1.0 2017)

PCI-EXPTM Gen4
16 Gbps 

(v0.7 2015)

SATA-EXPRESS
8/16 Gbps

(2013)

100G Ethernet 
over Copper

IEEE802.3bjTM

(2014)

MPC8548
(2004)

MC92600
(1999)

1G Test Chip
(1998)

MPC837x
(2006)

P4080
(2009)

5G Test Chip
(2008)

MSC8157
(2010)

10G Test Chip
(2012)

T4240
(2013)

25G Test Chip
(2016)

LX2160
(2017)
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Large Analog Block in LX2160

An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs

24 Lanes @ up to 25GBd per lane
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https://www.nxp.com/products/processors-and-microcontrollers/arm-processors/layerscape-processors/layerscape-lx2160a-lx2120a-lx2080a-processors:LX2160A



Analog Blocks in S32G2
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https://www.nxp.com/products/processors-and-microcontrollers/s32-automotive-platform/s32g-vehicle-network-processors/s32g2-processors-for-vehicle-networking:S32G2



Analog in I.MX95 (Pre-Production)
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https://www.nxp.com/products/processors-and-microcontrollers/arm-processors/i-mx-applications-processors/i-mx-9-processors/i-mx-95-applications-processor-familyhigh-performance-safety-enabled-platform-with-eiq-neutron-npu:iMX95



Open System Interconnect (OSI)
7-Layer Reference Model
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1. Physical

3. Network

2. Data Link

4. Transport

5. Session

6. Presentation

7. Application

1. Physical

3. Network

2. Data Link

4. Transport

5. Session

6. Presentation

7. Application

Data

Segments

Packets

Frame

Bits

Layer Data Unit Layer
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A Closer Look
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Clock/Data
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RECV_CLK
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O
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C
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p

To
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oC

RCVR
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Impedance
Control

Biasing
Circuitry PLLs
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Starter Test Criteria

• Correct by Design
• Test to Specification
• Test Quickly for Manufacturing Anomalies
• Provide for Debug

An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 10



Test Expectations Refined
(you can’t sell if you can’t get it off the Tester)

• Design to Protocol and SoC specifications using the FULL range of 
manufacturing tolerances and test conditions

• Characterize for Compliance in Lab
• Production Test for Basic Functionality and Manufacturing Anomalies
• Signal Integrity
• Stress Testing
• Probe
• Multi-Site Testing
➢ PROVE IT’S NOT THE ANALOG!!!
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Understanding the Test Environment
• Manufacturing Tolerances
• Testing with Large Digital Testers

– Fixed Voltage
– Fixed Clock
– Deterministic Results
– Load Board, Pogo Pins, Socket, Signal Integrity….
– Probe vs. Final Test
– Multi-site Testing
– $$$     $ 

Every additional second on the tester is just taping dollars to the top of 
the package as it goes out the door.
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HOW

• ANALYZE AND ARCHITECT

• ISOLATE

• ACCESS

• OBSERVE
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Example
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Impedance
Control

External
Resistor
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Example (cont.)
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Wrap the Analog
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Digital 
Registers

24 Lanes @ up to 25GBd per lane

16

• Every Analog Design Team
should include Digital Design
Specialists in:
✓ RTL Design
✓ Verification
✓ DFT
✓ System Software



Architecting for Test
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Impedance
Control

Overrides From 
Digital Registers

Status To 
Digital Registers

Tester
Input

ID Register
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Manufacturing Test for Comparators/Resistors

An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs

Manufacturing
Test Points
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PLL Testing
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Phase
Frequency
Detector

fref

fbak

up

down

Vctrl

Feedback
Divider

vcoclk

Charge
Pump

Voltage
Controlled
Oscillator

dt³= ZM

Calibration 
Control



LOCK DETECTION
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lock
PFDET

counter locklock_ovrd
ref_clk



Frequency Counting

An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 21



A Low Noise PLL
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VCO Range of Operation Simulation vs Silicon
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Set Fcap
Sweep Fref to Change Fvco
Measure Vctrl

Simulation

Lab Measurement



PLL Testing
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Localized Gain Tests on the Tester
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PLL Testing

Phase
Frequency
Detector

fref

fbak

up

down

Vctrl

Bias
Circuitry

pfd_lck

Feedback
Divider

fbyp

Analog Supply

pd

tpa_ana

vco_bak

vcoclk

tpd

Charge
Pump

Voltage
Controlled
Oscillator

Analog Test Mux

Lock Detector

Digital Test Circuitry

Calibration
State Machine

SSC

dt³= ZM

open_loop

Digital RegistersFrequency Counter

• Lock Observation
• Lock Override
• Bypass
• Frequency Counter
• Fmin/Fmax/Recover
• Calibration Overrides
• Calibration Status
• Open Loop
• Control Voltage
• Gain Tests
• Voltage Regulators
• Current Bias
• Digital Logic Testing
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Calibration Status and Overrides

Original Logic

Coded Errata

Revised Logic
An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 27



Converting To Digital Result
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High Speed I/O

Output
Driver

Input
RCVR
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Digital Analog

Duty Cycle Correction

Pulse Width 
Modulation

Time-To-
Voltage

Converter
Digital
Filter

CLK

CLK_B
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Digital
Analog

Duty Cycle Correction

Pulse Width 
Modulation

Time-To-
Voltage

Converter
Digital
Filter

Override Status

CLK

CLK_B

Status
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Duty Cycle Correction Testing
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Transmitter Example

q q_b

q q_b

OUTB OUT

Ibias
(ptail)

ntailvcm
vref_rxd
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Transmitter Tests
• Output Impedance Measurements
• DC Output Amplitudes and Ratios
• RX Detect Comparator Threshold
• Output Voltage Self Test
• Common Mode

poff/q poff/q_b

noff/q noff/q_b

TX_P TX_N

Ibias
(ptail)

ntail

poff

vcm

vcm
vref_rxd

imp_ctrl

Test_Ctrl[1:0] Comparator
Threshold

2’b00 n/a

2’b01 Vref_1

2’b10 Vref_2

2’b11 Vref_3
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Adapting Functions for Test

10.3125 Gbps
’0000010100_1111101011’ 
data through 40 in FR4

10.3125 Gbps 
’0000010100_1111101011’ 
data through 9 in FR4

Ref: IEEE802.3TM Clause 72

An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 35



Transmitter Equalization Testing

Sign = 0

Sign = 1 App Note: 
NXP AN5119
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Transmitter At-Speed Cursor Tests

Sign = 0Sign = 1

Sign bit broken

Stuck
Weighting
MSB
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Receive Equalization

“High Frequency”

“Mid Frequency”

• CTLE: Continuous Time Linear Equalization
• DFE: Decision Feedback Equalization

An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 38



Receiver CTLE Testing
• Control Decode Tests
• HF/MF/LF Observation
• Regulator Observation
• Overrides/Status
• LOS Detect

Regulators
Bias Circuitry

An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 39



Things that Became “Standard”

BIST
Generator

Clock/Data
Recovery

Data
Deserializer

RECV_DATA[n:0]
RECV_CLK

XMIT
Emphasis

Data
Serializer

XMIT_DATA[n:0]
XMIT_CLK

SerDes Lane

O
ff-

C
hi

p

To
 S

oC

RCVR
Equalizer

Impedance
Control

Biasing
Circuitry

PLLs

BIST
Checker

RX EQ
Observer
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How to get what you need from Design

How to prove it’s not the Analog

How to get Test to go Away
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Detecting if Things Go Wrong

An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs

SerDes

Errors
Detected
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1. Physical

3. Network

2. Data Link

4. Transport

5. Session

6. Presentation

7. Application

Layer

Medium

Physical Medium Attachment

Physical Medium Dependent

Physical Coding Sublayer

Reconciliation



Isolation

BIST
Generator

Clock/Data
Recovery

Data
Deserializer

RECV_DATA[n:0]
RECV_CLK

XMIT
Emphasis

Data
Serializer

XMIT_DATA[n:0]
XMIT_CLK

SerDes Lane

O
ff-

C
hi

p

To
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oC

RCVR
Equalizer

Impedance
Control

Biasing
Circuitry

PLLs

BIST
Checker

RX EQ
Observer

FIFO

Include in FIFOs:
• Resets
• Overflow/Underflow flags
• Underflow/Overflow correction
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Capturing K28.5 (20bit interface):

Capturing K28.5 (10bit interface):

FIFO

RX_DATA[n:0] RECV_DATA[n:0]

OBS_RX_DATA[n:0]

To SoCFrom SoC

Multi-purpose FIFOs

Include in FIFOs:
• Resets
• Overflow/Underflow flags
• Underflow/Overflow correction



Clock Observation

BIST
Generator

Clock/Data
Recovery

Data
Deserializer

RECV_DATA[n:0]
RECV_CLK

XMIT
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RX Clock/Data Recovery
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• BIST Pattern Checker (NXP AN5119)
• Internal Eye Monitor (NXP AN5119)
• Frequency Offset Status
• Interpolator Status/Overrides
• CDR Stall Detector
• False Lock Watchdog

46



Frequency Offset
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Interpolator Observation
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In
te

rp
ol

at
or

 P
os

iti
on

E1  D1  E2  D2
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Every Loop Needs an ‘Unstick’ Plan
• Tester is ‘clean’ environment
• Suppose startup position 

ends up 180deg out from 
initial state

• Correct by overriding and 
releasing interpolator 
position

• Implement a watchdog timer
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RX Equalization Design Confirmation

Simulation – 6.75in channel Silicon – 5in channel
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“Over The Wall” Design for Test
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SoC Design

Integration

Verification

Manufacture

Production

Analog IP
Design

IP Verification

Test Design

Test Pattern
Generation



How Not to Write a Test Guide
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Understanding the Test Environment
• ELIF
• Manufacturing Tolerances
• Testing with Digital Testers

– All conditions known at the START of the test
– Fixed Voltage
– Fixed Clock
– Deterministic 1’s and 0’s
– Load Board, Pogo Pins, Socket….SIGNAL INTEGRITY!!!

• Fully defined stress test modes

An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 53
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Fully Defined Stress Test Modes
• Voltages applied during Stress Testing
• Clock Frequencies used during Stress Testing
• Device Control Method
• Multi-Site? IDDQ Limitations?
• Suggest:

– Simplified Access: Stress_En[3:0]
– Internal Biasing
– Internal Control of Activity Levels
– Internal Regulators Bypassed as Needed
– Simplified Status: Stress_Result[3:0]
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Integrated Design for Test
SoC Design

Integration

Verification

Manufacture

Production

Analog IP
Design

IP Verification

Test Pattern
Generation

IP Wrapper

Test Design
With Guide

Design
Lab Compliance 

Lab

Text File

Customer 
Support
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Human Readable Format
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Text File
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To Tester
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RTL Stimulus
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TCL Files for Design/Compliance Lab
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Python For The Validation Lab
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Even More From The Tester
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Customer Tools

Select 
Jitter 
Scope

Select Test 
Pattern

Run internal 
Loopback

Select 
pattern 
length

Select Data Eye 
or Recovered 
Data Stream

App Note: 
NXP AN5119



During That Inevitable Debug…
1. Check your power supplies
2. Check your clocks

a. Frequency?
b. Spread Spectrum?

3. Are you still in reset?
4. Check the programmed configuration
5. Repeat steps 1-4 at least twice
6. Check your PLLs
7. Do you have data? Does it make sense?
8. Back up to simpler test/setup
9. Document steps 1-8 in something other than email

An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 64



In Summary….
• Be sure ALL disciplines understand ALL Test Environments

• Make the Analog look “Digital”
– Configurations in one group of registers
– Status in another group of registers
– Power Downs and Resets in a third group of registers

• Make Test Description Modular, Scriptable and Portable

• Provide for Debug Hooks

• IEEE 1687TM - 2014: IEEE Standard for Access and Control of 
Instrumentation Embedded within a Semiconductor Device, November 2014

An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 65



Conclusion
First Generation Second Generation Third Generation

IP test control Non-standard Standard PHY wrapper, fully register 
based

Standard PHY wrapper, fully register 
based, improved internal test 

capability

Test Documentation Verbal, difficult translation to SoC
svc reg transactions, multiple test 
guides and limits per process node 

and  fab site

Tabular, scalable, unified test guide 
and limits

Tabular, scalable, unified test guide 
and limits, standard setups

Test Documentation to RTL 
Verification

Non-Existent Manual Fully Automated from Test 
Documentation

Test pattern development Manual – slow, error-prone
(months)

Automated – fairly fast, accurate,
simulated

Automated – very fast, accurate, 
scripted (week)

Tester code development Manual, SoC-specific Automated, SoC-generic Automated, SoC-generic

Tester CZ development Manual, SoC-specific Separate, significant development 
effort

Integrated, minimal development 
effort

Tester CZ capability Good Better Best, Tx Eq, Jitter Scope Mode

Lab Validation capability Manual, SoC-specific Standard Test Guide Based Standard Test Guide Based,
More Labs On-Line

Data analysis ASCII datalogs, manual summaries, 
lengthy analysis

Semi - automated summaries, quicker 
analysis

STDF, automated summaries, fast 
analysis

Test issue resolution Poor tester-to-lab correlation, slow, 
iterative

Excellent tester-to-lab correlation, 
fast, few iterations

Excellent tester-to-lab correlation, 
fast, few iterations

Propagating changes Lengthy for both pattern 
development and bring-up

Reasonably fast Acceptably Quick
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