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The Industrial Internet of Things

W hen most  peop le t hink o f the Internet  o f Things, t hey  t hink o f Nest  t herm o-

stat s, sm art  w atches, and ref r ig erators t hat  talk to you. 

the Internet  of Things. W hile everyone is talking about  home and consum er 

ap plicat ions, it  t urns out  t hat  w ill b e a t iny slice o f IoT’s impact . The real ROI 

w ill com e in indust r ial automat ion. 

Nigel Coe, Manag ing Director of Wolfe Research, puts it  sim ply:  

of t he Internet  of Things d evelopm ent .” 1

and the automat ion o f indust ry allow s m anufacturers to analyze  

real-t ime dat a to improve decision making. Smart  factories provid ing  

live d at a to technicians— and execut ives— lead  to lower costs,  

improved  upt im e and p roduct ivity, and the ab ilit y  to quickly  p ivot   

to new  market  condit ions. 

There is no quest ion A I is t ransforming indust ry. Danny Sabour, 

Avalanche Technology VP of Market ing  and Business Developm ent , 

m aps the arc of A I and  Machine Learning’s cont rib ut ion: “It  start s 

w ith so lving  business p roblem s, then m oves to bringing  d ark  

dat a alive and fusing  d if ferent  dat a lead ing to insight . That  allow s 

autonom ous act ion based on this insight , and  ult im at ely to solv ing 

prob lem s t hat  hum ans can’t .”

Today, lit t le dat a is analyzed  in real t im e. In fact , the IBM Inst it ute for 

Business Value est im at es that  the averag e factory p roduces one terabyte o f 

product ion dat a daily, and only 1% is analyzed  or acted  upon in real t ime. 2

But  Engineering Journal says the change is inevit ab le: “Our next  generat ion  

 

m anufact uring, along w it h mass customizat ion, bet ter  q uality, and im proved 

product iv it y. It  t hus enables companies to cope w it h the challenges of  

producing increasing ly  ind iv id ualized product s w it h a short  lead -t im e to  

m arket  and higher  q uality.”3

The IBM  
Institute for 
Business Value 
estimates  
that the  
average  
factory  
produces one 
terabyte of  
production  
data daily,  
and only 1%  
is analyzed  
or acted upon  
in real t ime.
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Across the indust r ial sector, the days o f cent ralized  indust r ial system s w it h 

dum b nodes t ransm it t ing  d ata to cent ral cont rol systems are becoming  a 

thing  o f t he p ast . These system s relied  on reliab le synchronous, low  latency 

com municat ion links.

Today, it ’s dif ferent . New  smart  factories take a modular approach, running 

virt ual system s to m onitor physical p rocesses, w hich rely on decent ralized  

is now  happening at  the nodes w it h A I and  m achine learning. 

In this new  model, aging comm unicat ion systems w ill sim ply not  b e ab le to 

hand le t he am ount  of dat a t hat  is b eing g enerat ed  by the node t hat  needs to 

be sent  to the Cloud.

W it h the decision m aking  m oving to the nodes, t he processing  systems now  

t rack and maintain the exact  st at us o f m ission crit ical decisions indep endent ly, 

since it ’s no longer in a cent ral location. 

This improved decision making allow s for autom ated prevent at ive m aintenance, 

and enab les m anagers to adjust  product ion in real- t ime to respond to changes 

nodes to the Cloud, ensuring  t hat  the net work doesn’t  collapse.  

Coe, “cap turing  d ata to monitor and  ensure the integrit y of t he p roduct ion.” 4

An Exploding Industry

Morgan Stanley says Indust r ial Internet  o f Things companies com prise  

a $42 billion m arket , w ith the potent ial to grow  at  a 15% to 18% com pound  

annual g row th rate through 20 20 . That  eq uals $90 -$110  billion. 5

Accord ing to  ZDNet , IoT spend ing “is forecast  to reach $745 billion in 20 19 —  

up from the $646 billion sp ent  in 20 18 —  and likely to hit  $1 t r illion in 20 22.  

The vast  m ajority  of that  spend ing w ill b e by businesses.” 6
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This industrial sector is growing quickly enough that  it  now has it s own acronym: 

IIoT, the Indust rial Internet  of Things, to d if ferent iate it  f rom consumer IoT.

Steve Ranger  o f  ZDNet  exp lains: “The Indust rial Internet  o f Things refers to  

the billions of indust r ial d evices —  anything from the m achines in a factory to 

w ireless net works, gat hering  and sharing  d at a.” 7

And m anufact urers are paying  at tent ion: Over 70 % of respondents to a  

Morgan Stanley/ Autom at ion W orld  survey thought  it  im portant  to develop 

st rategies related to the IIoT. They also expect  t heir spending to jump from   

8% of a cap it al budget  to 18%. 8

Autom a-

t ion W orld 

m ost  crit ical b usiness d rivers among  m anufacturers adopt ing the IIoT. 9
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CLOUD-BASED MODEL

1 Sensor Fusion combines mult ip le sensor  
input s into packets 

2 The dat a is stored  locally  in a persistent ,  
high-performance memory such as MRAM

3 The dat a is sent  back to t he cloud w hen t here  
is 3G/4G or W iFi (at  home) connect iv ity

4 Analyt ics is per formed and determ ines there  
is a problem  (ex: gasket  p rob lem af ter  10 0 0  
hours o f engine use.)

5 Analysis is sent  back to t he automob ile to  
inform  the driver  that  the car  needs servicing

DISTRIBUTED MODEL

1 Sensor Fusion combines mult ip le sensor input s 
into t he AI engine and learns/ determines act ion 
based on sensor var iat ion 

2 The dat a is stored  locally  in a persistent , 
high-performance memory such as MRAM

3 AI determines t here is a gasket  w hich needs  
rep lacing  and t urns on the engine warning  light  

4 Data is sent  back to the cloud
5 Analyt ics is per formed to generate new   

improved inference engines
6 New  inference engine is sent  to the IoT node

Distributed IIoT

IIoT is g row ing  at  a stagger ing pace, but  m any com panies st ill rely on  

cent ralized decision making . An exam ple is Rolls-Royce’s IIoT factories, w here 

they receive t rillions o f dat a point s f rom  custom er eng ines. But  Caroline  

Gorski at  Rolls-Royce’s RD Dat a Lab s is up ag ainst  a lim itat ion: “If you use 

sensors everyw here, you g et  now here b ecause it’s too expensive and it ’s too 

imprecise. Rolls-Royce picks w here it s IoT solut ions can m ake d at a visib le....” 10

Since decision m aking is in the Cloud, they can’t  af ford too m uch sensor d ata. 

W hich means they  decide which data is relevant and could be missing a problem 

that  would become v isib le by view ing  all sensor dat a. Say o il pressure and  

 there’s a low  RPM. Each dat a p oint  can be 

solved  for, but  you might  m iss that  t he com binat ion shows a fault y gasket . 

Moving to a distributed model could solve this issue. Analyzing all the data points at the 

source— in real t ime— would  ident ify the gasket  issue before it  becomes crit ical.
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to m anufact urers:

1. Predict ive Quality analytics ext racts act ionab le insight s f rom  indust rial  

dat a sources such as m anufacturing  equip ment , environm ental cond it ions, 

and human observat ions to opt im ize the qualit y of factory output .

Am azon est imat es 20 % of a m anufacturing  com pany’s annual sales 

are lost  t o poor qualit y. IIoT allows m anufact urers to “build  p redict ive 

qualit y models w hich help  t hem build  b et ter product s. Higher  q uality  

product s increase customer sat isfact ion and reduce product  recalls.”

2. Asset Condit ion Monitoring  cap tures the stat e of your m achines 

and eq uipm ent  to determ ine asset  per form ance. 

Am azon sees t hat  “equipm ent  dow nt im e can impact  sched uled  

product ion t im e. Sending device health ind icators to the cloud lets 

operat ions staf f know  the health and stat us of eq uipm ent  to prevent  

3. Predictive Maintenance analytics captures the state of indust rial 

equipment  to id ent ify potent ial breakdow ns before they im pact  

product ion result ing in an increase in equipment lifespan, worker safety, 

and  the supply chain optimizat ion. 13 

The Serv iceMax w hitepap er, “After The Fall: Cost , Causes and  Con-

sequences of Unp lanned  Dow nt im e,” notes that  82% of com panies 

have exper ienced  at  least  one unp lanned  d ow nt im e outag e over the 

past  3 years. This costs bet w een $.20  to $1.20  for every $20  m ade. 11

W it h dist r ib uted  decision m aking and  t he nodes t aking  on m ore  

 

system  reliab ilit y, lead ing to higher quality  p roduct  and  d ram at ically   

reduced dow nt ime. 

“IIoT allows 
manufacturers 
to “build  
predictive 
models which 
help them 
build better 
products. 
Higher quality 
products  
increase  
customer  
satisfaction 
and reduce 
product  
recalls.”
                   — AMAZON
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W it h bet ter product  and red uced  d ow nt im e, a w ide variet y of indust ry  

cases f rom  airport  autom at ion to agricult ure monitoring.

 

 

Steve Ranger  at  ZD Net  says “Right  now, t he IIoT is of par t icular interest  to  

the m anufact uring, retail, ut ilit ies and  t ransport  indust ries“. IIoT p rojects can 

give m anufacturers a bet ter id ea of how  their product ion lines are operat ing , 

and to make bet ter predict ions about  w hen par t icular m achines w ill need  

servicing , w hich w ill reduce unexpected dow nt ime. 

“Ut ilit ies can use t he IIoT to cut  d ow n on t he cost  of send ing staf f  to check on 

rem ote installat ions by m aking t hem  self -m onitoring ,” he cont inues. “Retailers 

can understand where the bot t lenecks are in their supp ly chain, and t ransport  

these aren’t  the only interest ed sectors: health care and  governm ent  are also 

likely to be b ig  IIoT adopters and  w hile at  the m om ent  it’s most ly being ex-

plored by larger  organizat ions, it  m ay b ecom e m ore w idely adop ted  as the 

price of hardw are and  services comes d ow n.” 12
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Bottom Line ROI

Clearly the use cases for IIoT sp read  far  and w ide. But  w hat  exact ly  can  

 

be gained?

Belden, the cab le and connect iv it y company, points to four areas w here IoT  

is t ransforming  a w ide variet y of factories:

Innovat ion:

dat a anyt im e or anyw here d rives new  thinking. iPads and ot her devices enab le 

to gain early warnings w hen p roduct ion, m achinery or net work p erform ance is 

ab out  to degrade.  

 Now  t he g ap  between t he d ata center and  cont rol room  is gone. 

Best  pract ices and  com mon g oals can be shared collaborat ively b et w een IT 

and manufacturing. In addit ion, p eople, equip ment , works in p rocess and  

Agility:

-

ab le infrast ructure m inimizes costs and  effort  t o im prove p rocesses, including  

safet y, cont rol, security  and LAN. 

Risk: Trad it ional security  devices —  keypad  ent ry, call boxes, cam eras —  can 

all be linked . And a rugged indust r ial net working infrast ruct ure m eans less risk 

and more consistent  m anufacturing  upt im e. 13

The Big Picture

In it s recent  report  “Indust rial Internet : Pushing the Boundaries o f Minds  

and Machines,” General Elect ric sees t his Indust rial Revolut ion opening  

 

enhance the hum an work exper ience” that  could possib ly  be worth a  

stag gering  $10  to $15 t rillion to t he g lobal economy.

Powering IIoT
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The report  cont inues: “The full potent ial o f t he indust rial Internet  w ill b e felt  

w hen t he t hree p rimary dig ital elem ents —  intellig ent  devices, intellig ent   

system s and  intelligent  autom at ion —  fully  merge w it h the physical m achines, 

 

product iv it y, lower cost s and reduced wast e w ill p ropag ate t hrough the ent ire 

indust r ial economy.” 14

Indust ry Week spoke w ith Don Busiek, general manag er of m anufact uring 

software at  GE Intelligent  Plat form s, at  a San Francisco event  for t he launch of 

the report :

Busiek: “There is a huge shif t  happening in manufacturing today. W ith t he 

ad vent  of new  technologies, sm arter assets and smarter  d evices, today’s 

ad vanced factories have essent ially  become d ata centers d riving  intelligence 

across the enterp rise.

“Historically  if  you look at  m anufacturing  softw are, it  has been siloed system s; 

it  has been system s t hat  d idn’t  talk to each ot her,” explains Busiek. “They 

didn’t  talk, they didn’t  relat e, so as a plant  m anager you could n’t  com pare 

your performance against  another p lant .”

“W it h the advent  of the indust rial Internet ,” he cont inues, “suddenly  plant s 

have t he ab ilit y  to t ie all of their  dat a across m ult ip le p lant s, even view  it  over 

 

com pare their performance across the enterprise and the performance of 

eq uipm ent  across dif ferent  lines.”

Doing so, “all o f a sudden you can st ructure your sched ule across your p lant  

w ith m ore intellig ence. You can sched ule your shif t , your p ersonnel w ith m ore 

intellig ence. You can even p rogram the heat ing in your build ing w it h m ore 

intellig ence.”

“That’s w here it ’s going ,” he says. “Toward that  concep t  of a connected  w orld , 

w here all of your d evices are rolling up  dat a, but  you’re slicing it . It ’s not  t he 

thousands of p ieces o f d ata; you’re slic ing it  in such a w ay t hat  it  is presented 

to the right  user  at  the right  t im e based on t heir ro le.”

“To me, t hat ’s the sm art  factory of the fut ure.” 15
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A Roadmap for Success

Everyone ag rees that   IIoT is extending automat ion beyond t rad it ional factory 

walls. Today, always-on connect ivity  and real-t im e analy t ics are a requirem ent .

But  t he key is for sm art  factories to embrace dist ributed  A I decision making.

The goal m ust  be to m inimize the am ount  o f d at a moving  bet ween  

the factory cont rol center or Cloud  to t he Edge and  to m illions o f 

nodes. 

“Take Sir i,” exp lains Avalanche’s Danny Sab our. “W hen you p rogram 

it , it  sends your voice to the Cloud and all o f the analysis is done 

there. Today, in Smart  Factories, t he goal is to have t he analyt ics 

done at  the node and free up  t he net work, w ith t he cloud  focused  on 

generat ing the t raining  m odels for the nodes.”

 

requirem ent  has evolved  to A I-based learning  behavior. In this new  

m odel, d ata cannot  b e cont inually  sent  b ack to the cont rol center.

On the Edge, system s —  including  MES, ERP, SCADA , etc. —  are 

also doing  m ore work. Here t he p rocessing of dat a for v isualizat ion, 

on the Edge.  

W it h the Edge and nodes taking on added  responsib ilit ies, t he  

cont rol center/ Cloud  is freed  up to focus on const ruct ing  d eep   

learning  and t raining  m odels, and  p ushing them  out  to the Edge  

and nodes. 

W hile t he com put ing  p ower  and the storage ab ilit y to make all of  

this happen is in p lace, t he w eak link is in net working. W hich m eans, 

in this new  model, the ent ire g oal is to relay and t ransfer  as lit t le dat a  

as possib le b et ween layers. 

Sounds good  in theory, but  how  is it  accom plished? 

“W ith the  
industrial  
Internet,  
suddenly 
plants have 
the ability to 
tie all of their 
data across 
multiple 
plants, even 
view it over 
the web on 
their handheld 
devices and 

to understand 
and compare 
their  
performance 
.”
—DON BUSIEK, GE  
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Let’s start  w ith the nodes. This new generation of compute capable, intelligent  

IIoT nodes contain neuroprocessors making local A I-based  d ecisions. This 

includes analyzing  and com bining  raw  sensor dat a, so lv ing the prob lem,  

 

be connected  at  all t im es, and  t hey m ay b e running on a bat tery. And there 

m ay b e billions o f t hem, all requir ing low  power  and persistence. In t he case of 

a Cloud or Edge power  outag e, they cannot  af ford  to w ait  t o reload .

At  t he Edge, dat a is fused and  interm ed iate pat terns are shared  w ith ad jacent  

dom ains. The Edge architecture is sim ilar to the Cloud, but  w ith the addit ion 

of CPU cores, w hich are id eal for m achine learning . The Edge requires speed 

and, for this learning , persistent  memory.

And, as we said before, t he Cloud collect s all dat a for long term  analysis and 

t raining . 

MRAM Powers IIoT

 

decision m aking  to t he Edge. To facilit ate t his, Edge nodes req uire memory 

w ith four characterist ics:

Persistence: The ab ilit y  to ret ain m em ory contents w hen p ow er is rem oved  

is crit ical for system s t hat  m ust  keep t rack of the exact  st ate it  is in. In t he 

event  of a power  d isrup t ion, t he system  can resum e from the exact  state w hen 

the power was inter rupted .  

High Endurance: The device’s mem ory cells m ust  support  a large number o f 

w rite cycles before failure. This is im portant  because the mem ory w ill b e used 

in conjunct ion w ith cache mem ory (SRAM) w here it  w ill p rovide tem porary 

storage of d at a and  calculat ions. In high p er form ance em bedded  systems and 

AI, m em ory is intensely w rit ten to.

Fast W rite: This is crit ical to the perform ance of the system . The longer the  

w rit e t im e, the longer the processor w ill id le wait ing  for t he m emory to  

com plete the w rit e operat ion before it  can access the informat ion. In addit ion, 

for dat a logg ing system s, t he m em ory m ust  record (w rit e)  t he inform at ion 

quickly, t o ensure it  is secure in the event  of a power  d isrup t ion. 

Powering IIoT
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Low Power: The p ow er  consum pt ion o f an IIoT/A I system  is crit ical in  

m oving the data analysis and  d ecision m aking from the cloud to the Edge 

node. W hile p ow er  is not  a concern in a cloud  d ata center w here t he  

tot al power consum pt ion is large, as ap plicat ions move towards the Edge 

node, power becomes a concern. In many cases, the power supply of a  

system  is lim ited or even bat tery operat ed . Any reduct ion in system power 

consum pt ion is crit ical.

These four requirement s are m atched  p er fect ly by High Reliability, High Den-

sity, Small Form factor and Instant Access MRAM, w hich is ab le to deliver a 

MRA M is uniquely posit ioned  to d eliver  the m em ory requirem ent s for A I all the 

way from  the Edge to t he node. The real-t ime p rocessing performance of A I is 

d irect ly  t ied to t he amount  of cache on the chip, w hich is typically  com prised  

of SRA M.  Yet , SRAM does not  scale well. A nd , as CPU process technologies 

shrink, cache densit ies have grow n from  40 % of the chip area to over 80 %. 

This drives up  cost  and power consumpt ion.

MRA M feat ures a sm aller  cell size t han SRAM, w hich allows for the hig her  

 

the SRAM cache size, alleviat ing the cost  and  power issue.

The basic cell of Spin-Transfer Torque MRAM 
(STT-MRAM) consists of one MTJ and one  
accessing transistor. 
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Avalanche’s STT-MRAM technology features a p roprietary perpendicular  

layer, a d ielect ric b arrier layer  and  a changeab le ferromag net ic storage layer. 

process. The st ructure of t he p -MTJ element  can be tailored  for any indust rial 

performance spec or app licat ion needs.

Avalanche’s Perpend icular Sp in Torque Transfer  MRAM technology delivers 

scalab ilit y  to lower geom et ry nodes.

Avalanche offers d iscrete and em bedded MRA M. Discrete devices are the 

perfect  so lut ion in IIoT, w here MRAM is used to enab le Highly  reliab le solut ions  

w ith low  p ower. Em bedded MRA M m acros (p rovided through foundry p art -

 

ef fect ive SoC designs.

But  w hy MRAM, as opposed to ot her persistent  m em ories? 

Let ’s go back to t he req uirement s for d ist ributed  IIoT:

• High Reliability

• Persistence

• Endurance

• Fast W rite

• Small Form Factor

• Low Power

• Total Cost of Ownership/ Bill of Materials
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Each technology offers only  one or m ore o f t he at t ributes required  for a High 

Reliab ilit y IIoT so lut ions.

NOR Flash w it h its slow  w rite and  limited  Endurance is m ainly used  for Boot  

code and  cannot  be relied  upon as a reliab le Non-Vo lat ile m em ory.

NAND Flash w ith high d ensit y does not  have any of other  at t ributes necessary 

to be used in a system . Due to its ext rem eley lim ited endurance and slow  ini-

t ial lat ency, it  remains as a bulk storage m emory and  is furt her limited  by the 

requirem ent  o f a system  level cont roller  to m anag the bad  blocks and having 

to rem ap them  after limited  w rit e cycles.

PCM and RRAM also suffer  f rom  limited  endurance and  slow  w rites w hich 

need to be hid den behind  a system  level cont roller. As such, no system de-

signer  w ill not  t rust  crit ical dat a to t hem.

The remaining real contendors for a system level designer are Avalanche 

P-SRAM, nvSRAM, B2SRAM and  FRAM. These 4 solut ions can be com pared 

Avalanche P-SRAM Overview

Avalanche’s Persistent  SRA M (P-SRAM) is unlike convent ional RAM and  stores 

dat a in m agnet ic storage element s (pMTJ STT-MRAM). The element s are 

formed from two ferrom agnet ic p lat es sep arat ed  by a thin insulat ing  layer. 

other  program m ab le (storage element  -  parallel or ant i-parallel)  based on an 
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(Logic 0  – parallel; Logic 1 – ant iparallel) during program ming  w hich can be 

sensed during  read . P-SRAM is a single monolit hic solut ion requiring  no exter-

nal bat teries or capacitors to m aint ain non-volat ilit y.

nvSRAM Overview

nvSRAM is a com binat ion of tw o technolog ies, namely SRA M w it h an integral 

shadow  E2PROM. Inform at ion is m ad e non-volat ile by loading  SRAM content s 

into t he E2PROM or vice versa through a var iety o f m ethods w hich are user 

selectab le. 

SRAM to E2PROM: The content s o f SRAM are load ed  into E2PROM using Au-

toStore and UserStore m et hods.  AutoStore occurs automat ically  upon p ow er  

loss and  t he energy needed  com es from  an external cap acitor. The UserStore 

m et hod is generated either by using a hardware pin or a software sequence 

w hile power is availab le. 

E2PROM to SRAM: The contents of E2PROM are load ed  into SRAM upon pow -

er-up.

As m ent ioned  above, t he nvSRAM technology is a com binat ion of SRA M and 

E2PROM technologies on the sam e die. A  non-volat ile E2PROM element  is in-

corporat ed  in each SRAM cell. In norm al operat ion modes, t he m em ory oper-

at es as an SRAM. During power-up  or power-dow n, SRAM data is t ransferred  

or recalled  in parallel to/ from  the E2PROM. SRA M has unlimited  endurance, 

w hile the num ber of storag e cycles in the E2PROM are lim ited to 50 0 ,0 0 0  

cycles or less during the product ’s lifet im e.

B2SRAM Overview

B2SRAM is a comb inat ion of SRA M, cont rol logic and  b at tery elem ents em-

bedded  in a single package. The b at tery can b e integrat ed  inside t he p ackag e 

or can be housed on top of the package and then m echanically at t ached. 

bat tery is sw it ched  on to sustain t he contents in the m em ory array unt il VCC 

returns to it s valid condit ion.

A  B2SRAM includes three major components: a standard SRA M, a power sen-

sor/sw itch chip, and a bat tery. The p ow er  sense/ sw it ch cont rol circuit ry  con-

stant ly m onitor VCC for an out -of-tolerance condit ion. W hen such a condit ion 

occurs, the bat tery is automat ically  sw itched on and  w rit e protect ion is d is-

ab led to prevent  any d ata corrup t ion.



FRAM Overview

FRAM (also know n as FeRAM)is a random -access memory sim ilar in const ruct ion to 

DRAM b ut  using  a ferroelect r ic layer instead  of a dielect ric layer to achieve non-vol-

at ilit y. 

FeRAM’s advantag es over  Flash include: lower  power usage, fast er  w rit e perfor-

m ance and  a m uch g reater maxim um  read / w rit e endurance (ab out  10 10 to 10 14   

cycles) . FRAMs have d at a retent ion t im es of m ore than 10  years at  +85 °C. Market  

d isad vantag es of FRAM are m uch lower  storage d ensit ies than other Non-Vo lat ile 

Mem ories at  m uch higher  cost . Like DRAM, FRAM’s read  p rocess is d est ruct ive, ne-

cessit at ing  a w rite-af ter -read  archit ect ure. 

Technical Comparison of Non-Volatile Memories

Data Endurance & Retent ion

can b e stored before it  start s to det eriorate.

Density

The density  of these d evices represent s t he number  o f b it s o f d at a that  can be 

stored  in a device. It  is represented ad  Kilob it  Kb (10 0 0  Bits of dat a) , Megab it  “Mb” 

(1,0 0 0 ,0 0 0  b it s o f data)  or Gigab it  “Gb” (1,0 0 0 ,0 0 0 ,0 0 0  bits of dat a) . Som e man-

ufacturers can stack up  to 4  d evices in a sing le packag e. Custom ers in som e cases 

put  m ult ip le devices on a board  to increase the density.

Powering IIoT
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Performance

Perform ance in t his case is m easured  as access t ime to t he device. In a Parallel 

devices t he access t im e is m easured  in nano second  “ns”. The sm aller  number ind i-

cat es how  long it  t akes to read  or w rit e the device. In Serial devices “access speed” 

is m easured  in MHz. This is the clock fequency w hich d rives t he device. The larger 

the num ber the fast er  t he access t im e. 

Power Up Requirements

Most  devices req uire a mim im al period of t ime b efore the internal logic has reached 

the proper  w orking  voltag e levels. This is m easured in Microseconds. In t he case of 

nvSRAM, this t im e is m uch longer  as the saved  copy of the dat a is copied  from  t he 

storage array to the working SRAM array. In BBSRA M devices, the required  t im e 

before the device is accessed  is m uch longer  to assure stab ilit y  o f operat ion.

Power Down Requirments

nvSRAM and B2SRAM both need  ext ra t ime d uring power dow n. In t he case of nvS-

RAM t he working  copy of the dat a is copied  f rom  t he SRA M array to the non-Vola-

t ile array (know n as AUTOSTORE). In t he case of B2SRAM the power must  b e taken 

dow n under  cont rol to avoid  d at a corrup t ion

Powering IIoT
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Board Space

All t he d evices show n b elow  excep t  for FRAM are availab le in 16Mb density. In 

order to reach 16Mb, at  least  2 FRAM devices m ust  be placed on t he board  to 

achieve this density.

In add it ion, the minim um  space is the size o f the device plus any support  cir-

cuit ry. nvSRAM and BBSRAM both req uire ext ra circuit ry  to support  powering  

up the devices in the form  of capacitors or bat teries.

As such MRA M rep resents t he best  alternat ive. Avalanche’s STT-MRA M is 

designed  w ith an upgrade pat h in mind . The next  genert aion of d evices w ill 

support  up  to 1Gb  w ith t he same b all assignm ent . Thus elim inat ing the need  to 

redesign the b oard.

W hile several opt ions o ffer some of t hese, none offers all —  except  MRA M. 

Given it s p ersistence, high-endurance, high-read / w rite per form ance, and  low  

power consum pt ion, MRAM b ecom es the clear choice.

“W it h Avalanche MRAM, we solve the memory need s of t he system all the way 

from  t he cloud to the node” explains Danny Sab our. “Think about  a power  g rid 

cont rol center for all of t he power dist ribut ion in a m ajor m et ropolitan city. 

Then t hink of MRAM on t he Edge and  all of t he way out  to t he nodes —  to 
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About Avalanche

Avalanche Technology, headquartered  in Frem ont , California, is the world leader in Sp in 

Transfer  Torque Magnet ic RAM (STT-MRAM) non-volat ile memory leverag ing perpend icu-

lar mag net ic t unnel junct ion (pMTJ) cell st ructure m anufactured  on standard CMOS p ro-

cess.

Backed by more t han 30 0 + granted patents around  cell, circuit , and  system design lever-

ag ing MRAM, our technology and product s p rovide b reakthrough speeds, unlimited  endur-

ance and non-volat ilit y w hile reducing power and  cost . W it h such at t r ib utes, our technol-

ogy w ill serve and exceed our customers’ object ives as a replacement  for SRA M, eFlash, 

and ROM in em bedded  applicat ions in add it ion to discret e SRAM, non-volat ile SRAM, NOR 

and DRAM.
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