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Chapter 7  Digital Output (DO) Circuit  

The  d ig i ta l  ou tputs  of  FBs - PLC are  avai lab le  in  the  fo l lowing  two s t ruc tures :  the  5VDC ul t ra  

h igh  speed  Line-dr iver  type  d i ffe ren t ia l  ou tput  ( i . e . ,  one  output  occupying  two te rmina ls ) ,  and  the 

s ingle  end  output  c i rcu i t  for  sav ing  te rminals .  There  a re  th ree  k inds  of  output  device  for  the  

s ingle  end  output ,  which  are  re lays ,  TRIAC and t rans is tors .  S ince  the  re lay  and  TRIAC are  

b i la tera l ,  even  when used  in  s ing le  end  output ,  they can  serve  as  SINK or  SRCE output .  The  

t rans is tor,  however,  because  of  i t s  po lar i t ies ,  a f te r  be ing  used  as  s ing le  end  common output ,  i t s  

SINK and SRCE polar i t ies  a re  exac t ly  the  oppos i te  (common poin t  Cn of  SINK output  mus t  

connect  to  negat ive  end  of  DC power) .  Therefore ,  the  product  model  of  t rans is tor  output  of  

FBs-PLC for  SINK and SRCE is  d is t inc t .  At  the  r igh t  s ide  of  te rmina l  b lock  of  FBs-PLC,  there  i s  a  

p lace  for  making  SINK or  SRCE labe l .  The  fo l lowing  are  labe l ing  examples  o f :  ○1  SINK output  

models  in  FBs-PLC ○2  Transistor SRCE output  model  ○3  Relay of TRIAC models with no SIN /SRCES 

polar i ty：  
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7.1 Specifications of Digital Output Circuit  
 

Differential 
Output 

Single End Transistor Output Item 
 
Specification 

Ultra High 
Speed 

High 
Speed 

Medium 
Speed 

Low 
Speed 

Single End Relay 
Output 

Single End TRIAC 
Output 

Maximum swicthing 
(working)Frequency 750KHz 100KHz 20KHz 200HZ For ON/OFF, not for frequent exchange 

Working Voltage 5VDC 5〜30VDC <250VAC,30VDC 100〜240VAC 

Resistive 2A/single, 4A/common 1A Maximum 
Load 
Current Inductive 

50mA 0.5A 0.1A 0.5A 
80VA 

15VA/100VAC 
30VA/200VAC 

Maximum Voltage Drop (@ 
maximum load) －  0.6V 2.2V 1.2V 0.06V(initial) 1.2Vrms 

Minimum Load －  －  2mA/DC power 25mA 

Leakage Current －  ＜0.1 mA/30VDC －  2mA 

ON→OFF 15μS 1mS Maximum 
Output 
Delay Time OFF→ON 

200nS 200nS 
30μS 

1mS 10mS 
1/2AC period 

Output Status Indication LED is bit when〝ON〞 , dark when〝OFF〞  

Over Current Protection N/A 

Isolation Type PhotoCoupler Isolation Electromagnetic 
Isolation 

Photo Coupler 
Isolation 

SINK/SRCE Output Type 

Independent 
Dual Terminals 

for arbitrary 
connection 

Choose SINK/SRCE by models and 
non-exchangeable 

Bilateral device, can be arbitrarily set to 
SINK/SRCE output 

Tr a n s i s t o r  S I N K  o u t p u t  i n d i c a t o r

Tr a n s i s t o r  S R C E  o u t p u t  i n d i c a t o r

I n d i c a t o r  o f  R e l a y  o r  T R I A C  
( b l a n k  a n d  u n ma r k e d )  
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F B S - X X M N  

 

　   Warning 

1 .  No over  current  pro tec t ion  is  ava i lab le  in  the  FBs  ser ies  PLC.  Except  for  the  5V 
d i ffe ren t ia l  ou tput  c i rcu i t ,  a l l  o ther  ou tput  c i rcu i ts  have  to  be  added  wi th  over  
cur ren t  or  shor t  c i rcu i t  p ro tec t ions  ex ternal ly,  such  as  fuses ,  in  appl ica t ions  wi th  
safe ty  concern .  

2 .  Termina ls  labe led  by〝 ● 〞on the  te rmina l  b lock  are  empty contac ts ,  which  cannot  
be  connected  wi th  any wire  to  main ta in  the  required  safe ty  c learance  and  to  
avoid  damage  to  the  uni t .  

3 .  In  s i tua t ions  where  s imul taneous  opera t ions  of  ou tputs (such  as  reverse / forward  
ac t ion  of  motor )  pose  safe ty  concerns ,  bes ides  the  in te r lock  in  PLC programs,  
addi t iona l  in ter lock  c i rcu i ts  a re  needed outs ide  PLC,  as  shown be low：  

輸出

     PLC
反轉輸出

輸出

反轉極
限開關

     PLC
正轉輸出

正轉極
限開關

電磁開關或
繼電器B

電磁開關或
繼電器A

互鎖接點
     (NC)

互鎖接點
     (NC)

 
 
 

7.2 5VDC Ultra High Speed Line-Driver Differential Output Circuit and its  
Wiring  

 
The  5VDC ul t ra  h igh  speed  Line-Dr iver  d i ffe ren t ia l  ou tput  c i rcu i t  o f  FBs-PLC is  only  

ava i lab le  for  the  main  uni t  o f  the  MN model .  I t s  ou tput  can  connect  to  genera l  photocoupler  
c i rcu i t  o r  Line-Receiver  input  c i rcu i t ,  wi th  the  connect ion  shown in  the  f igure  be low.  To  improve 
noise  immuni ty  and  main ta in  s igna l  qua l i ty,  p lease  use  twis ted  pa i r  wi th  sh ie ld  (or  a luminum fo i ls )  
for  connect ion  and  connect  the  sh ie ld  wi th  SG of  PLC and FG of  the  dr iver.  P lease  a lso  opera te  in  
A/B phase  dr iv ing  mode  (because  A/B phase  dr iv ing  can  au tomat ica l ly  cance l  in ter fe rences  f rom 
noise  pulses) .  

 

FBS-MN 主機

雙絞線
Line-Driver
輸         出

Photocouple
輸入之範例

Line-Receiver
輸入之範例

負載

 
  
 

7.3 Single End Output Circuit  
 
Except  tha t  the  5VDC ul t ra  h igh  speed  output  c i rcu i t  has  independent  dua l  te rmina l  ou tputs ,  

(With  f requency up  to  750KHz,  for  use  in  h igh  speed  and  large  noise  environments)

E x a mp l e  o f  P h o t o  

c o u p l e r  

E x a mp l e  o f  

L i n e - R e c e i v e r  

L o a d  F B s - M N  M a i n  

Tw i s t e d  P a i r  
L i n e - D r i v e r  

O u t p u t  

O u t p u t  

P L C  f o r w a r d  
o u t p u t  F o r w a r d  l i m i t  

s w i t c h  

M a g n e t i c  s w i t c h  
o r  R e l a y  A  

I n t e r l o c k  
c o n t a c t  

( N C )  

P L C  r e v e r s e  
o u t p u t  

R e v e r s e  l i m i t  
s w i t c h  

I n t e r l o c k  
c o n t a c t  

( N C )  

M a g n e t i c  s w i t c h  
o r  R e l a y  B  

O u t p u t  
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FBS-PLC 

a l l  o ther  ou tput  c i rcu i ts  such  as  r e lays ,  t rans is tors  or  TRIAC are  s ing le  end  output  s t ruc ture .  A 
s ing le  end  output  in  each  d ig i ta l  ou tput  (DO)  takes  up  only  one  te rmina l .  But  s ince  any output  
device  has  two ends ,  the  one  end  of  severa l  ou tput  devices  have  to  be  connected  toge ther  to  one 
common poin t  (ca l led  output  common)  for  s ing le  end  output .  Then  each  output  po in t  can  output  
v ia  th is  common poin t .  The  more  output  device  share  a  same common poin ts ,  the  more  te rminals  
a re  saved ,  whi le  re la t ive ly  increas ing  the  cur ren t  running  through the  common poin t .  Combinat ion  
of  any output  common wi th  i t s  ind iv idua l  s ing le  end  outputs  a re  ca l led  a  Common Output  Block ,  
which  is  ava i lab le  in  2 ,  4  and  8PTs (h igh-dens i ty  module)  in  FBs-PLC.  Each  Common Output  
Block  is  separa ted  f rom one  another.  The  common terminal  has  a  label  in i t ia ted  wi th  le t te r  “C” ,  
whi le  i t s  number ing  is  de termined  by the  min imum Yn number  which  compr ise  the  output  b lock .  
In  the  example  of  the  f igure  be low,  the  number  of  common termina l  of  ou tput  b lock  Y2 and  Y3 is  
C2,  whi le  the  number  of  common termina l  of  ou tput  Block  Y4,  Y5,  Y6 and  Y7 is  C4.  The  var ious  
s ingle  end  common output  c i rcu i ts  a re  descr ibed  be low：  

 
7.3.1 Structure and Wiring of Single End Relay Output Circuit  

 
Because  re lay  contac ts  have  no  polar i ty,  i t  can  be  appl ied  for  AC or  DC load  power.  Each 

re lay  can  provide  cur ren t  up  to  2A.  The  maximum ra ted  cur ren t  in  a l l  ou tput  commons  of  FBs-PLC 
is  4A.  I t s  mechanica l  l i fe t ime can  reach  up  to  2  mi l l ion  t imes ,  whi le  the  contac ts  have  a  shor ter  
l i fe t ime.  The  l i fe t ime a lso  var ies  depending  on  working vol tage ,  load  type  (power  fac tor  cosψ )  
and  contac t  cur ren t .  The  re la t ion  between them is  p lo t ted  in  the  f igure  be low.  In  the  case  of  pure  
res is t ive  load  (cosψ =1.0)  a t  120VAC and 2A,  the  l i fe t ime of  contac ts  i s  about  250  thousand t imes .  
Whi le  for  h igh  induct ive  or  capac i t ive  load  wi th  cosψ up to  0 .2  and  cur ren t  wi th in  1A,  the  
l i fe t ime decreases  rap id ly  to  about  50  thousand t imes  (AC200V)  or  80  thousand t imes  (AC120V) .  

 AC/DC
  電源

 AC/DC
  電源
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7.3.2 Structure and Wiring of Single End Transistor SINK and SRCE Output  
Circuit  

 
A.  Trans is tor  S ingle  End SINK Output  

C2 Y2 Y3 C4 Y4 Y5 Y6 Y7

共點輸出區塊 共點輸出區塊

FBS-PLC

 

B.  Trans is tor  S ingle  End SRCE Output  

C2 Y2 Y3 C4 Y4 Y5 Y7

電源

共點輸出區塊 共點輸出區塊

FBS-PLC

 

   The  f igure  above  uses  output  b lock  s  of  2PTs  common and 4PTs common as  an  example  to  
expla in  the  d i ffe rences  in  s t ruc tura l  and  wir ing  for  SINK and SRCE output  c i rcu i ts ,  
respec t ive ly. (8PTs common has  the  same b lock  s t ruc ture  and  wir ing ,  except  wi th  d i ffe ren t  poin t  
number)  The  s ingle  end  SINK output  and  SRCE t rans is tor  ou tput  in  FBS-PLC are  d i ffe ren t  models .  
The  user  must  check  whether  i t  i s  SINK output  model  or  SRCE output  model  when purchas ing .  
 

2 P Ts  C o mmo n  O u t p u t  4 P Ts  C o mmo n  O u t p u t  

2 P Ts  C o mmo n  O u t p u t  4 P Ts  C o mmo n  O u t p u t  

D C  

p o w e r
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7.3.3 Structure and Wiring of Single End TRIAC Output Circuit  
 

 AC
電源

 AC
電源

 
z TRIAC output  can  only  be  used  for  AC load .  Fur thermore ,  a  load  cur ren t  la rger  than  the  

hold ing  curren t  (25mA) is  required  to  keep  TRIAC conduct ing .  Therefore ,  when the  load  
cur rent  i s  less  than  25mA,  a  Dummy load  must  be  connected  para l le l  wi th  load  to  make  the  
load  cur ren t  la rger  than  the  TRIAC hold ing  cur ren t .  Bes ides ,  no te  tha t  even  when TRIAC 
output  i s  open  (OFF) ,  there  s t i l l  ex is ts  a  leakage  cur ren t  of  1mA (AC100V)  or  2mA (AC200V) ,  
which  may t r igger  ac t ions  in  loads  tha t  can  be ac t iva ted  by smal l  cur ren ts .  Connect ion  of  
Dummy load  in  para l le l  wi th  the  load  descr ibed  above  can  so lve  th is  problem.  

 

7.4 Speed up the Single End Transistor Output Circuit (only applicable to  
high- and medium-speed)  

 
Ei ther  wi th  the  SINK or  SRCE s t ruc ture  in  s ingle  end  output  t rans is tor  c i rcu i t ,  when the  

t rans is tor  swi tches  f rom ON to  OFF,  the  junct ion  capaci tor  be tween  t rans is tor  CE e lec t rodes  
should  be  charged  to  near  the  load  vol tage  VDD before  i t  can  s top  the  cur ren t  running  through the  
photocoupler  ins ide  the  load ,  which  increase  the  OFF t ime and  decrease  the  response  speed .  This  
problem can  be  so lved  by adding  a  Dummy load  to  acce lera te  charg ing  ra te  and  speed up  the  
working  f requency of  t rans is tor  ou tput .  For  the  t rans is to r  output  in  FBs-PLC,  Dummy load  tha t  
a re  added  to  the  h igh-  and  medium-speed  t rans is tor  output  and  genera te  a  load  cur rent  of  
20~50mA is  adequate .  For  low speed  t r ans is tor  where  i t s  d r iv ing  capabi l i ty  (0 .5A)  but  speed  i s  
concerned ,  adding  a  Dummy load  only  decreases  i t s  d r iv ing  capabi l i ty  wi thout  any s ign i f ican t  
improvement  and  hence  is  no t  recommended.  The  fo l lowing  d iagram shows how to  add  a  Dummy 
load  to  SINK and SRCE t rans is tor  output .  

FBS-PLC

R

I

負 載

FBS-PLC

R

I

負 載

SINK 輸  出 SRCE 輸  出

VDD
5~30
VDC VDD

5~30
VDC

 
 

FBS-PLC 

A C  

p o w e r

A C  

p o w e r  

   VDD
I =      =  20~50mA 
    R

SINK output  SINK output  

L o a d  
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電 子
電 路

PLC 輸出
 繼電器

R 湧浪電流使接點熔化黏住
負載 R

V

I s

I r

C VDD

7.5 Output Device Protection and Noise Suppression in DO Circuit  
 
Since the digital output circuits are mainly used for the ON/OFF switching operation, the output 

components such as relays, transistors and TRIAC can be deemed as kinds of switch components. 
Normally, surge currents or counter-electromotive force voltages are generated during the ON/OFF 
operation of these switch components. The effect of surge currents or counter-electromotive force 
voltages is particularly serious when heavy capacitive or inductive loads are incorporated, which may 
cause damage to the output components or generate noises in other electronic circuits and equipment. 
Among those three FBs-PLC output components, where TRIAC require no special treatment because of 
their features of smaller rated current, zero cross in ON/OFF, and built-in protection circuits, special 
consideration should be given to relays and transistors when they are used in high power applications 
or connected with capacitive or inductive loads and are described in the following: 

 
7.5.1 Protection of Relay Contacts and Noise Suppression  

 
Because the relay contacts are used to contact switch components having extremely low resistance, 

the surge current IR generated instantly upon turning on the relay is normally pretty strong (even if the 
steady load current is very small). Under such strong surge, the contact tends to melt and stick due to 
extreme temperature in such a way that the relay cannot trip when it is disconnected. In addition, when 
the relay connections are OFF, large di/dt is generated because of the instantaneous change from low 
resistance to open circuit (∞) soon after following the tripping of contact. As a result, an extremely 
strong counter-electromotive force voltage is induced, which creates sparks between the electrodes of 
two relay contacts and results in poor contact due to carbon deposits. Among those three output 
components, either in ON or OFF state, very serious interference can be caused by the surge current or 
the counter-electromotive of the relay. The solutions to this problem are listed as follows: 

 
 A. Suppression of  Surge Current 以    Connect  a  smal l  res is tor  R in  ser ies  to  lower  the  

surge  curren t ,  bu t  no te  tha t  too  la rge  R wi l l  a ffec t  the  dr iv ing  capabi l i ty  or  cause  too  much 

vol tage  drop .  

 
 

 

 B. Suppression of  Counter-Electromotive Force  
 
For the inductive load, whether in AC or DC power, suppression devices must be connected in 

parallel to both its ends to protect the relay contacts and lower noise interference. The schematic 
diagrams for AC and DC powers are shown below, respectively: 

    VDD 
R≧        (no te  power  d iss ipa t ion  P＝ I S 2 R and  vol tage  drop  V＝ I S R)
   I r  max 

I r  max of  re lay  in  FBS-PLC ＝ 5A 

Surge  cur rent  welds  contac ts
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E
le

ct
ro

ni
c 

C
ir

cu
it

s 

P L C  o u t p u t  
r e l a y  
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電感性負載
PLC繼電器輸出

C: 0.1~0.24uF 

R: 100~120Ω 

 

Scheme of  AC power  load  

電感性負載
PLC繼電器輸出

二極體 
或相等元件

D: 1N4001 

 

Suppress  by a  d iode  in  DC power  load  ( for  low power）  

電感性負載

ZD: 9V Zener,5W

二極體 D: 1N4001 
或相等元件

PLC繼電器輸出

 

Suppress  by a  d iode  +  Zener  in  DC power  load  ( for  h igh  power  and  f requent  ON/OFF)  
 
7.5.2 Protection of Transistor Output and Noise Suppression  

 
The transis tor  output  in  FBs-PLC already includes Zener  d iode for  counter-electromotive 

force,  which is  suff icient  for  low power  induct ive load and medium frequency of  ON/OFF 
appl icat ion.  In condit ions of  h igh power  or  frequent ON/OFF, p lease construct  another  
suppression circui t  to  lower  noise in terference and prevent  vol tage from exceeding the l imit  or  
overheat ing that  may damage the  t ransis tor  output  c i rcui t .  

 

電感性負載
PLC電晶體輸出

二極體 
或相等元件

D: 1N4001 

 

Suppress  by a  d iode  ( for  low power)  
 

I n d u c t i v e  l o a d
P L C  R e l a y  o u t p u t

I n d u c t i v e  l o a d
P L C  R e l a y  o u t p u t  

D :  1 N 4 0 0 1  d i o d e  

o r  e q u i v a l e n t  

d e v i c e  

I n d u c t i v e  l o a dP L C  R e l a y  o u t p u t  
D :  1 N 4 0 0 1  d i o d e  

o r  e q u i v a l e n t  

d e v i c e  

Z D :  9 V Z e n e r,  5 W  

I n d u c t i v e  l o a d
P L C  Tr a n s i s t o r  o u t p u t  

D :  1 N 4 0 0 1  d i o d e  
o r  e q u i v a l e n t  

d e v i c e  
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電感性負載
PLC電晶體輸出

ZD: 9V Zener,5W

二極體 D: 1N4001 
或相等元件

 
Suppress  by a  d iode  +  Zener  (h igh  power  and  f requent  ON/OFF)  

I n d u c t i v e  l o a d
P L C  Tr a n s i s t o r  o u t p u t  

D :  1 N 4 0 0 1  d i o d e  o r  
e q u i v a l e n t  d e v i c e  
Z D :  9 V Z e n e r,  5 W  


