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1 .0  Int r od uc t ion and  Desc r ip t ion 
The CCHXXXXX-SS is a high performance 2 quadrant , cryst al cont rolled, Double Half  
H Bridge, Int erlaced, buck convert er, which require t wo ext ernal induct ors and a 
capacit or. It  is a compact , self  cont ained unit  wit h it s own power supply. It  is based 
on t he HC08 microcomput er t echnology. Power t o t he unit  is f rom a DC supply, a 
bat t ery, or a fuel cell. To dat e, t he only of fering is a subpanel version, where t wo 
induct ors, a capacit or, and a large power t erminal block, are mount ed and wired t o a 
subpanel. 
 
The swit ching f requency is exact ly 31,250Hz. Int erlacing lowers input  and out put  
volt age and current  ripple. At  a 2:1 buck ( IE 24 t o 12 volt s) , t he ripple at  t he input  
and out put  is zero. 
 
The input  volt age and t he out put  volt age share a power common. Therefore, t here is 
no isolat ion bet ween t he power input  and t he power out put . The input  power source 
(bat t ery)  shares it s power common wit h t he load power common. 
 
The Cont rol signals, which are input s and out put s, are isolat ed f rom t he power 
circuit  except  t hat  t he out put  volt age is sensed t hrough t wo resist ors wit h a high 
value. So t he signal common should be t ied t o t he appropriat e point . 
 
The out put  volt age, Vout , is cont rolled by a 0 t o 5v dif ferent ial input  volt age. 
The out put  current  limit  is cont rolled by a 0 t o 5v volt age. There is a +5v supply 
available for ext ernal circuit ry, a disable input , and enable out put , an analog out put  
t hat  can show signals inside t he microcomput er, and a fault  out put . 
 
The int ernal t emperat ure of  t he CCH unit  is monit ored and in t he event  of  an 
excessively high ambient  t emperat ure, out put  current , and t hus input  current  is 
reduced aut omat ically t o hold t he t ransist or t emperat ures t o a safe level. A 
corresponding RED LED t urns on, a fault  signal is generat ed. The out put  current  is 
not  Òt urned of fÓ, but  reduced t o hold t he t emperat ure. 
 
A -12v supply is available t hrough a 10k resist or. 
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2 .0    Theory  o f  Operat ion 
 
Block Diagram. 
Refer t o Figure 1. 
 
The power source, IE, a fuel cell or a bat t ery, is connect ed t o t erminals B+ and B-. 
For a CCH63250-SS, a 13uHy induct or is connect ed bet ween M1and t he load. 
Anot her 13uHy induct or is connect ed t o M2 and t he load. Load current  is sensed by 
hall sensors, depict ed as H21, and H43, and is sent  t o t he microcomput er. These 
sensors are isolat ed. The microcomput er digit izes t hese signals. A REDLED and a 
GRNLED indicat e st at us. 
 
The volt ages at  M1 and M2 are PWM (pulse widt h modulat ion)  signals. When t he 
out put  at  M1 or M2 is high, it  is very close t o B+. When t he out put  is low, it  is very 
close t o B-. The dut y cycle varies t o cont rol t he out put  volt age and t he out put  
current . These out put s at  M1 and M2 are Òint erlacedÓ. This means t hat  at  small dut y 
cycles, t he volt age at  M2 st art s before t he volt age at  M1. At  a 50% dut y cycle, t he 
volt ages at  M1, M2, are square waves, out  of  phase, so t he input  and out put  current  
and volt age ripples are zero. At  dut y cycles great er t han 50%, t he volt ages at  
M1,M2, overlap. 
 
An isolat ed power supply receives it s power f rom B+ and B-. It  supplies t he circuit  
wit h +5,+12 ,-12, volt s, and an isolat ed signal, ÒABPÓ, which is t he B+ volt age. ABP 
means Analog B plus. This signal is used t o monit or t he input  volt age. The volt age at  
M1 and M2 are sensed and cont rolled. Thus t he VREF+, VREF- input s cont rol t he 
volt age at  M1,M2 or t he current  out  of  M1,M2.  
 
The Ò5VPOTÓ was included on t he pc board for cust omer convenience. It  is a 10k 
pot  wit h +5Vdc across it . It  can be used for cont rolling VREF+, VREF-, which would 
set  t he out put  volt age, t he out put  current , or it  can be used t o drive t he ÒVCLÓ 
input . 
 
The ÒATOPIN6Ó out put  is an analog signal which will monit or t he microcomput er 
int ernal signals. 
 
The ÒENBLOUTÓ out put  indicat es when t he syst em is enabled. 
 
The ÒDISÓ input  disables t he out put . When ÒDISÓ is a logic 1, (5V logic) , all t he FETs 
are of f . When t he ÒDISÓ input  is swit ched back t o a Ò0Ó, t he syst em is rearmed, wit h 
a sof t  st art . The ÒDISÓ input  will reset  t he overvolt age fault  at  B+, B-, if  t he volt age 
at  B+, B- is less t han t he overvolt age fault  volt age. 
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A negat ive source is available at  pin 9 of  t he cont rol t erminals. This can be used for 
powering ext ernal circuit ry. 
 
The ÒVCLÓ input , pin 11, cont rols t he out put  current  limit  of  t he out put  current  
going out  of  M1, and M2. Zero volt s is zero current  limit . 
 
The ÒFAULTÓ out put  becomes a logic 1 when t here is a fault , such as an overvolt age 
or overt emperat ure. The RED LED comes on wit h t he FAULT signal. If  t he fault  is set  
f rom overvolt age, t he fault  is removed if  t he volt age at  B+, B- goes t o 3/ 4 of  t he 
overvolt age specif icat ion, or disabled. If  disabled t he fault  is reset  if  t he B+,B- 
volt age is under t he overvolt age set  point . 
 
The GRN LED comes on when t he B+, B- t erminals reach 18 volt s. 
 
In normal operat ion, t he B+ t erminal will always be great er t han t he average value of  
t he M1, M2 input s. There is an int rinsic diode f rom M1 and B+, and an int rinsic diode 
f rom M2 t o B+. The cat hode is at  t he B+ t erminal. These diodes will supply volt age 
t o B+, t hrough M1 or M2, even if  t he input  at  VREF+, VREF-, is set  lower t han t he 
feedback. In ot her words, t he unit  can be t urned on by applying a volt age t o B+, or 
t hrough induct ors t o M1 or M2. 
 
The swit ching f requency of  t he PWM is exact ly 31,250 Hz, which has a period of  
32.000 usec. 
 
A 70 degree cent igrade PTC t hermist or, close t o t he power MOSFETs, is sensed. If  
t he t emperat ure reaches 70C, t he current  limit  is reduced accordingly, t he red LED 
is t urned on, t he enable signal goes t o zero, and t he RED LED is t urned on. This 
would be like lowering t he VCL signal. The current  is reduced t o hold t he 
t emperat ure at  70C. 
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3 .0  A d just m ent s 
 
There is one adjust ment . This is t o select  ILP(Iloop)  or VLP(Vloop) . Use t he DIP 
swit ch locat ed on t he t op PC board. It  is on t he opposit e side of  t he 12 pin 
connect or. The cover need not  be removed. The swit ch should be preset  at  t he 
fact ory for ILP or VLP. It  is t he second swit ch in t he 10 posit ion DIP swit ch. It  is 
locat ed as t he second swit ch f rom t he hex nut  next  t o ÒM1Ó and Òcon3Ó. For VLP it  
should be OFF. For ILP it  should be on. ( Implement ed af t er july 2007).  
 
The Ò5vpot Ó is considered a cust omer adjust ment . The Ò5vpot Ó is a 10k pot  wit h 
+5v across it  t hat  can be used t o cont rol VREF+,VREF-, as an out put  volt age 
cont rol, or t he pot  can be used t o cont rol t he input  current  limit  value, ACL. 
 
There is an int ernal volt age loop t hat  has VREF+,VREF- as a reference, and M1-M2 as 
a feedback. This volt age loop has a KP and a KI. These are f ixed int ernally. 
 
There is an int ernal current  loop. It Õs reference is t he out put  of  VLOOP, or VREF 
when in ILP. The H21, H43 signals are current  feedback. The current  loop has a KP 
and a KI. These are f ixed int ernally. The VCL input  cont rols t he current  limit  value of  
t his loop. The current  limit  value, VCL, clamps t he out put  of  t he VLOOP, which is t he 
reference of  t he current  loop. 
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5 .0 0  Wir ing  Inst ruc t io ns.  
 
See Figure 2. 
4.10  Cont rol Wiring. 
The Cont rol wiring consist s of  connect ing low current  carrying wires t o t he 12 
t erminal cont rol plug locat ed on t he t op right  side of  t he unit . 22 gauge wire is 
adequat e for all connect ions. 
 
5.11  Input  command reference. 
 
Refer t o Figure 2. The input  command reference, VREF+ and VREF-, is t he input  
signal t hat  cont rols t he load volt age, or t he load current , at  VOUT and COM. If  t he 
reference is a single ended signal, VREF-, t erminal 3 of  t he cont rol plug, should be 
t ied t o common. VREF+ should be t ied t o t he signal source and t he signal source 
common should be t ied t o t erminal 1 or 4 of  t he cont rol plug, which is t he convert er 
common. VREF+, in t his case will  swing  0 t o a posit ive DC value. 
 
If  a Pot  is used for cont rolling t he load or as a st and alone syst em, t he 5VPOT signal 
or an ext ernal pot  can be used. The input  t o VREF+ minus VREF-, should swing f rom 
0 t o 5V. This input  should not  exceed t he +5 available at  pin 10.  
 
If  a Pot  is used for cont rolling t he load current  or as a st and alone syst em, t he 
5VPOT signal or an ext ernal pot  can be used. The input  t o VREF+ minus VREF-, 
should swing f rom -5 t o 5V. This would command a + and Ð current . If  a + only 
current  is desired, t he VREF signal should be + only. The absolut e value of  t his input  
should not  exceed t he +5 available at  pin 10.  
 
 
5.12  Volt age feedback. 
The volt age feedback f rom M1, M2 is int ernal. No wiring is necessary. 
 
5.13  Current  feedback (Current  loop) . 
The input  current  feedback is sensed wit h isolat ed hall sensors and is int ernal. No 
wiring is necessary. 
 
5.14  Disable input . 
If  t he disable input  is not  t o be used, connect  t erminal 7 t o common. 
 
If  t he Disable input  is t o inhibit  t he CCH unit , connect  t erminal 7 t o a normally closed 
cont act  t o common. An open collect or t ransist or can be used wit h t he collect or 
connect ed t o t erminal 7 of  t he cont rol plug. 
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5.15  +5V and -12V 
There are t wo regulat ed supplies, t hat  can be used for ext ernal circuit ry. The +5V at  
pin 10 is int ernally connect ed t o t he +5V used for t he CCH unit  t hrough a 100 ohm 
resist or. Similarly, t he Ð12V int ernal supply is available at  pin 9 and is connect ed t o 
t he int ernal -12V supply t hrough a 10k ohm resist or. 
 
5.16  Fault  
Pin 12 of  t he cont rol plug is connect ed t o t he int ernal microcomput er t hat  swit ches 
t o a Ò1Ó if  t here is a Fault . This pin should be connect ed t o t he host  supervisor for 
monit oring. 
 
5.17  POWER WIRING. 
All power connect ions are made t o t he 4, copper bus bars, locat ed below t he cont rol 
plug.  
 
Connect  a DC supply t o power t erminals B+ and B-. The load should be connect ed 
f rom t he junct ion of  t he t wo induct ors and power COM. The max current  for a 
CCH63250, is 125ADC t hrough M1 and 125ADC t hrough M2. Use t he appropriat e 
gauge wire. If  long runs are t o be made, volt age drop should be calculat ed and 
compensat ed for in gauge and volt age level. 
 
Connect  t he load t o t erminals B+ and B-. Use t he appropriat e gauge wire. The 
absolut e maximum is 250ADC, for t he CCH63250-SS. 
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6 .0 0  Spec i f icat io ns.  
6.10 Mechanical Inst allat ion. 
The mechanical dimensions of  t he CCHXXXX-SS are shown in Figure 3.  The Bus bars 
have 1/ 4Ó holes. The 12 pin cont rol plug is on t he t op lef t  side of  t he unit  and t he 4 
bus bars are below it . 
 
6.20  Elect rical Specif icat ions (Cont rol) . See Figure 2. 
 Input  resist ances. 
 Terminal 1 and 4 are common (cont rol plug) . 
 

Terminal 2, VREF+ input : 4.99k ohm t o common.  
   9.98k ohm wit h respect  t o t erminal 3. 

Terminal 3, VREF- input : 9.98k ohm t o common. 
Terminal 5, 5VPOT out put : Wiper of  a 10K!  pot . 0 t o +5V. 
 
Terminal 6, ATOPIN6 out put : 1uf , 1k!  RC f ilt er. RC f ilt er is PWM driven  

f rom Microcomput er at  32usec period. 
Terminal 7, DIS input : 4.99k ohm pull up t o +5V. Turns of f  all FETs       
 when a Ò1Ó. CCH unit  will sof t  st art  when swit ched t o Ò0Ó. 
Terminal 8,ENBLOUT out put : 4 .99k ohm pull up t o +5V. ENBLOUT is low  
 if  DIS is  hi, overt emperat ure, or B+,B- is over nameplat e volt age. 
Terminal 9, Ò-12at 10KÓ out put : 10K!  t o Ð12V. 
Terminal 10, +5 out put : Terminal 10 is connect ed t hru 100!  t o +5V. 
Terminal 11, VCL input : 0 t o +5V t hat  cont rols input  current  limit . 

0->0 current  limit , +2.5V-> Nameplat e current . Volt ages 
2.5->5 .0V will yield nameplat e current . 

 Terminal 12, FAULT out put : Ò0Ó-> no fault . Ò1Ó-> overvolt age at  B+,  
   or t emperat ure sensor exceeds 70 degrees Cent igrade. 

Overvolt age fault  is reset  it  overvolt age drops t o "  of  
overvolt age specif icat ion, or if  t he unit  is disabled wit h t he B+,B- 
volt age under t he overvolt age specif icat ion. 
 

There are jumpers on t he cont rol board t hat  cont rol VLP or ILP. 
 

Swit ching Frequency: 31,250Hz, cryst al cont rolled 
Volt age Gain:  +5V at  VREF+ will cause max nameplat e volt age. 
    Resolut ion: 5V->255 LSB 
Current  Limit  Gain:  2.5V at  VCL input  will cause max nameplat e current . 
    Resolut ion: 2.5V->127 LSB 
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6.30  Elect rical Specif icat ions (Power)  
Input  Volt age, B+,B- DC:  CCH63250-SS 18 t o 61V 
     CCH100210-SS   18 t o 80V 

CCH150160-SS 18 t o 120V 
 

Out put  Volt age, M1,M2 DC: (Must  be 2 Volt s lower t han t he Input  Volt age)  
 CCH63250-SS 0 t o 59V. overvolt age=61v 

CCH100210-SS   0 t o 78.   overvolt age=80v 
CCH150160-SS    0 t o 120. overvolt age=120v 

     
   
Example: A CCH63250-SS  has an input  volt age of  40 t o 56 volt s. The out put  
volt age is set  at  12 volt s. 40 t o 56 Volt s is wit hin t he range of  20 t o 80V and t he 
out put  volt age is 28 volt s lower t han t he minimum input  volt age of  40 volt s. 
 
Cont inuous Out pu t  Current :  (maximum allowed) 

 CCH63250-SS  250A 
     CCH100210-SS  210A 
     CCH150160-SS  160A 
     
Cont inuous Inpu t  Current :  (maximum allowed) 
The cont inuous Input  current  must  be calculat ed. It  depends on, Vin, Iout , Vout , and 
t he ef f iciency of  t he unit . 
Iin(max)=(Vout * Iout / Ef f iciency) / Vin=(Pout (max)/ Ef f iciency) / Vin 
Example: For a CH63250-SS wit h Vin=32v, Iout =250A, Vout =12v, Ef f iciency=.96, 
Iin(max)=(12*250/ .96) / 32=97.7A, where Pout  is 3000 Wat t s. 
 
6 .4 0  Operat io nal  Modes. 
 1. Volt age Loop, wit hout  out put  current  limit , Two  quadrant . 
 2. Current  Loop, wit hout  out put  current  limit , Two quadrant . 
 3. Volt age Loop, wit h out put  current  limit , Two  quadrant . 
 4. Current  Loop, wit h out put  current  limit , Two  quadrant . 
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7 .0 0   Set up  Inst r uc t ions.  
 
7 .1 0   Set up  f o r  V o l t ag e Lo op . 
 
Connect  t he wires t o t he cont rol and power plug. Wit h t he load disconnect ed, t urn 
power on and measure t he out put  volt age. It  should be set  t o desired value. The 
green light  should be on. 
 
Remove t he wire t o t erminal 7. The out put  should drop t o zero. 
Remove power and rest ore t he wire, permanent ly t o t erminal 7. 
Wit h a unit  st ep load change, eit her full or part ial load, monit or t he out put  volt age. 
The out put  should follow wit h a maximum of  one overshoot . 
 
7 .2 0   Set up  f o r  Cur rent  Lo op . 
 
Connect  t he wires t o t he cont rol and power plug. Wit h t he load disconnect ed, t urn 
power on and measure t he out put  volt age. It  should be zero when t he input  is 
negat ive. It  should be about  equal t o t he input  when t he input  is posit ive. The green 
light  should be on. 
 
Remove t he wire t o t erminal 7. The out put  should drop t o zero. 
Remove power and rest ore t he wire, permanent ly t o t erminal 7. 
Wit h a unit  st ep load change, eit her full or part ial load, monit or t he out put  volt age. 
The out put  should follow wit h a maximum of  one overshoot . 
 


