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IMPLEMENTATION OF FLUX VECTOR CONTROL OF INDUCTION MOTOR DRIVE
NG A MICROCONTROLLER

TERADACH PINYAPONG

Dr. VUIT KINNARES ADVISOR
DUSIT SUKSAWAT

1998

abstract

This project presents an implementation of indirect flux vector control for 3-phase , 2 hp ,
induction motor using 16 bit 80c196 microcontroller. The principle of such control is that stator
currents are constrained to orientate rotor flux indirectly. As a result, it gives an independence
between flux and torque controls in AC induction motor, which is similar to separately excited DC
motor control. In addition, simulation is employed for the verification of experimental results to study

speed response and stator current characteristics.
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1.0 INTRODUCTION

The MCS®-96 family members are all high perform-
ance microcontrollers with a 16-bit CPU and at least
230 bytes of on chip RAM. The Intel MCS-96 family of
16-bit embedded controllers easily handles high speed
calculations and fast input/output (I/0) operations.
'I‘vpical applications using the MCS-96 products in-
clude closed-loop control and mid-range digital signal
processing. Modems, motor control system, printers,
engine control system, photocopiers, anti-lock brakes,
air conditioner control systems, disk drives and medical

* instrumentation all use MCS-96 products.

The 80C196KB is 8 CHMOS member of the MCS-96
family. All of the MCS-96 components share a common
instruction set and architecture. However, the CHMOS
components have enhancements to provide higher per-

AP-466

formance with lower power consumption. To further
decrease power usage, idle and power-down modes are
available on these devices. The 80C196KB contains a
dedicated 1/0 subsystem and can perform 16-bit arith-
metic instructions including multiply and divide opera-
tions.

This application note briefly describes the 80C196KB,
and provides software examples using its key features.
For further information on the 80C196KB and its use
consult the sources listed in the bibliography. Figure
1-1 shows a block diagram of the 80C196KB. Included
in this application note are descriptions of the CPU and
architecture, the interrupt structure and the peripher-
als. These peripherals include a Pulse Width Modula-
tion output, an A/D Converter, a Serial Port and High
Speed 1/0 Unit with two 16-bit timer/counters.

VREF  ANGND FREQUENCY
[ ] * $ REFERENCE ¢
I . L
v v :CPU - GEN
Vo | :
CONVERTER INTERRUPT
1 | recister '
rall fILE ' CONTROLLER
] 1
S/H : Ar A : t MEMORY
! | _> CONTROLLER <: CONTROL
. -] oo - LY | SIGNALS
B — |
'sl LS
,r yy t jt t ’ -_i e PORT 3
T2CAPT | :> n
WATCH- BAUD DATA
00G Sthe 1 rate TIMER2 BUS
TIMER GEN TIMER | i
PORT 4
L 2 4 k4 HOLD |«
PORT 0 PULSE h 4 HIGH HLDA >
wioTR -] PORT2 MULTIPLEXER  [¢——— speep | | BREQ —
MOD 1/o PORT1
A/o| [eorT 0 PORT 2/ ~ - ALTERNATE wst| [R5 < L
S } FUNCTIONS LI HSo
272116-1

Figure 1-1. 80C196KB Block Diagram
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2.0 THE CPU rary registers. The RALU operates directly on the Reg-

ister File, thus eliminating accumulator bottleneck and
Tae major components of the 80C196KB CPU are the providing for direct control of I/O operations through
Register File and the Register/Arithmetic Logic Unit the SFRs.

; (RALU). The Register File contains 256 internal regis-
ter locations (OOH through OFFH), all of which remain The SFRs control all the 80C196KB peripheral devices

alive during power-down mode. Locations O00H except Ports 3 and 4. Figure 2-2 shows the layout of
1 through 17H are the 10 control registers or Special ~ these registers. Three SFR windows exist on the
Function Registers (SFRs). Locations 18H and 19H 80C196KB. The value in the Window Select Register
contain the stack pointer, which can serve as general ~ (WSR) determines the SFR window; WSR = 0 selects
purpose RAM when not pecforming stack operations. Window 0 and WSR = 15 selects Window 15. Window
The remaining 230 bytes serve as general purpose 0O consists of 24 SFRs. Some of these registers serve one
RAM, accessible as bytes, words or double-words. function when read and another function when written.
The read-only registers in Window 0 become write-only
Calculations performed by the 80C196KB take place in registers in Window 15; and the write-only registers in
the RALU. The RALU shown in Figure 2-1 contains a Window 0 become read-only registers in Window 15.
17-bit ALU, the Program Status Word (PSW), the Pro- Figure 2-3 contains descriptions of the SFRs.
gram Counter (PC), a loop counter, and three tempo-
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Figure 2-1. Block Diagram of the Register File, RALU, Interrupt Controlier and Memory Controlier
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H
19H 19H 19H 19H
STACK POINTER STACK POINTER STACK POINTER STACK POINTER
16H 18H 18H 18H
17H | cl0s2 17H| PWM_CONTROL 17H|{ PWM_CONTROL | 082
16H | 1081 16H| 1001 16H| 10C1 16H] 1081
sH| 1080 14| 10c0 15H| 1000 15|  i0S0
t4H| °'wsR H“H| “wsr 14H| °*WSR 14| °*wsm
$3H | *INT_MASK1 13H | “INT_MaASK1 13H | *INT_MASK1 13H | *INT_MASK1
g2H | “INT_PEND1 12H| *INT_PEND1 12H| *INT_PEND1 12H| *INT_PEND1
1H | *SP_STAT 11| *sp_CON 1M | *sp_coN 11H| *SP_STAT
wH| PoORT2 10H| PORT2 10H| RESERVED** 10H| RESERVED**
OFH| PORT OFH| PORTY OFH | RESERVED'* OFH| RESERVED**
OEH| PORTO OEH| BAUDRATE OEH| RESERVED'* OEH | RESERVED**
ODH| TIMER2(HD ODH| TIMER2(HY) ODH| T2CAPTURE(HI) ODH|  T2CAPTURE(H)
OCH| TIMER2(LO) oCH| TIMER2(LO) OCH |  T2CAPTURE(LO) OCH| T2CAPTURE(LO)
tBH|  TIMERIHY) oBH| ‘i0C2 oBH | ‘loc2 0BH| TIMER1(H)
oAH| TIMERI(LO) 0AH| WATCHDOG 0AH| WATCHDOG 0AH| TIMER1(LO)
03H | INT_PEND 09H| INT_PEND osH | INT_PEND 09H | INT_pEND
O8H | INT_MASK osH| INT_MASK 08H| INT_MASK 08H| INT_MASK
otH|  SBUFRX) orH| SBUF(TY o7H|  SBUFMX oH|  sBUF®RX)
O6H| HSI_STATUS osH| HSO_COMMAND 06H | HSO_COMMAND 06H| HSI_STATUS
OSH|  HSI__TIMEMD osH|  HSO_TIME(HI) 05H |  HSO_TIME(HI) 05H |  HSI_TIME(H)
04H|  HSI_TIMEQLO) 04| HSO_TIMEQLO) 04H| HSO_TIMELO) 04H |  HSI_TIME(LO)
03 |  AD_RESULT(HI) 034 | HSI_MODE 03H{ HSI_MODE 03H|  AD_RESULT(HI)
02|  AD_RESULT(LO) 02H| AD_COMMAND 02H| AD_COMMAND 02 | AD_RESULT(.O)
O01H|  ZERO_REGHI) 01H| ZERO_REGHI) OtH|  ZERO_REG(HI) O1H| ZERO_REG(H)
00H| ZERO_REG(LO) 00H| ZERO_REG(LO) 00H | ZERO_REG(LO) 00H | ZERO_REG(LO)
WHEN READ WHEN WRITTEN WHEN READ WHEN WRITTEN
WSR = WSR = 15
NOTES:

™~

T W B By sl —

— a— m—

S ye—

*New or changed register function from 8096BH
**Reserved registers should not be written or read

Figure 2-2, Speclal Function Registers
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Register Description

ZERO_REG Zero Register - Always reads as a zero, useful for a base when indexing and as a constant for
calculations and compares.

AD__RESULT A/D Result Hi/Low - Low and high order results of the A/D converter

AD__COMMAND | A/D Command Register - Controls the A/D

HSI_MODE HSI Mode Register - Sets the mode of the High Speed Input unit.

HSI_TIME HSI Time Hi/Lo - Contains the time at which the High Speed Input unit was triggered.

HSO__TIME HSO Time Hi/Lo - Sets the time or count for the High Speed Output to execute the command
in the Command Register.

4SO__COMMAND | HSO Command Register - Determines what will happen at the time loaded into the HSO Time
rogisters.

HSI_STATUS HSI Status Registers - Indicates which HSI pins were detected at the time in the HSI Time
registers and the current state of the pins. in Window 15 - Writes to pin detected bits, but not
current state bits.

SBUF(TX) Transmit butfer for the serial port, holds contents to be outputted. Last written value is
readable in Window 15.

SBUF(RX) Receive buffer for the serial port, holds the byte just received by the serial port. Writable in
Window 15.

INT_MASK Interrupt Mask Register - Enables or disables the individual interrupts.

INT_PEND Interrupt Pending Register - Indicates that an interrupt signal has occurred on one of the
sources and has not been serviced. (also INT_PENDING)

WATCHDOG Watchdog Timer Register - Written periodically to hold off automatic reset every 64K state
times. Retums upper byte of WDT counter in Window 15.

TIMER1 Timer 1 Hi/Lo - Timer1 high and low bytes.

TIMER2 Timer 2 Hi/Lo - Timer2 high and low bytes.

IOPORTO Port 0 Register - Levels on pins of Port 0. Reserved in Window 15.

BAUD_RATE Register which determines the baud rate, this register is loaded sequentially. Reserved in
Window 15.

:OPORT1 Port 1 Register - Used to read or write to Port 1. Reserved in Window 15
tOPORT2 Port 2 Register - Used to read or write to Port 2. Reserved in Window 15
SP_STAT Serial Port Status - Indicates the status of the serial port.

SP__CON Serial Port Control - Used to set the mode of the serial port.

1080 1/0 Status Register 0 - Contains information on the HSO status. Writes to HSO pinsin
Window 15.

l0S1 1/0 Status Register 1 - Contains information on the status of the imers and of the HS!.

10Co 1/0 Control Register 0 - Controls alternate functions of HSI pins, Timer 2 reset sources and
Timer 2 clock sources.

10C1 170 Control Register 1 - Controls alternate functions of Port 2 pins, timer interrupts and HSI
interrupts.

PWM__CONTROL | Pulse Width Modulation Conitrol Register - Sets the duration of the PWM pulse.

INT_PEND1 Interrupt Pending register for the 8 new interrupt vectors (also INT_PENDING1)

INT_MASK1 Interrupt Mask register for the 8 new interrupt vectors

10C2 170 Control Register 2 - Controls new 80C196KB features

10S2 170 Status Register 2 - Contains information on HSO events

WSR Window Select Register - Selects register window

Figure 2-3. Special Function Register Descriptions
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:3.0 THE ARCHITECTURE

" The 80C196KB supports 106 instructions. This instruc-
tion set includes bit operations, byte operations, word
* operations, double-word operations (unsigned 32-bit)
long operations (signed 32-bit), flag manipulations as
, well as jump and call instructions. All the standard log-
ical and arithmetic instructions function as both byte
¢ and word operations. The Jump Bit Set and Jump Bit
t Clear instructions can operate on any of the SFRs or
| bytes in the register file. These fast bit manipulations
[ allow for rapid I/0 functions.
|
" byte and word operations make-up most of the
80C196K B instruction set. The assembly language for
* the 80C196KB (ASM-96) uses a “B” suffix on a mne-
, monic for a byte operation, otherwisc the mnemonic
refers to a word operation. One, two or three operand
forms exist for many of the instructions.

, A one operand instruction has the form:

H NOT Valuel svValuel=1's complement (Valuel}
¥

1
A two operand instruction has the form:

ADD Value2, Valuel ;Value2=Value2«+Valuel

AP-466

A three operand instruction has the form:
MUL Value3, Valus2, Valuel ;Valued = Value2 * Valuel.

Long and double-word operations include shifts, nor-
malize, multiply and divide. The divide instruction
functions as a 32-bit by 16-bit divide that generates a
16-bit quotient and 16-bit remainder. The word multi-
ply operates as a 16-bit by 16-bit multiply with a 32-bit
result. Both operations can function in either the signed
or unsigned mode. The direct unsigned modes of these
instructions take only 3.0 us (at 16 MHz) for divide
and 1.75 ps (at 16 MHz) for multiply. The normalize
instruction and sticky bit flag provide hardware sup-
port for the software floating point package (FPAL-

96).

3.1 Addressing Modes

The 80C196KB instruction set supports the following
addressing modes: register-direct, indirect, indirect
with auto-increment, immediate, short-indexed and
long-indexed. These modes increase the flexibility and
overall execution speed of the 80C196KB. Each in-
struction uses at least one of the addressing modes.
These modes and formats are shown in Figure 3-1.

t
!
I
{

Mnem Dest or Srct ;One Operand Direct
Mnem Dest, Srct ;Two Operand Direct
i Mnem Dest, Srct, Src2 ;Three Operand Direct
]
' Mnem #Srct :One Operand Immediate
) Mnem Dest, #Srci ;Two Operand Immediate
i Mnem Dest, Src1, #Src2 ;Three Operand immediate
b
Mnem [addr] :One Operand Indirect
} Mnem {addr] + ;:One Operand Indirect Auto-Increment
r Mnem Dest, [addr] ;:Two Operand Indirect
I Mnem Dest, [addr] + ;Two Operand Indirect Auto-increment
' Mnem Dest, Src1, {addr] :Three Operand Indirect
s Mnem Dest, Srci, laddr] + ;:Three Operand Indirect Auto-Increment
' Mnem Dest, offs{addr] ;Two Operand Indexed (Short or Long)
i , Mnem Dest, Srei, oﬂs[adt_jr] ;Three Operand Indexed (Short or Long)
i
?
) Where:
. Mnem = Instruction Mnemonic
Dest = Destination Register
i Sre1, Src2 = Source Registers
addr = Word register used in computing the address of an operand
offs = Offset used in computing the address of an operand

A e Bem— [

Figure 3-1. Instruction Format
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The register-direct and immediate addressing modes
execute faster than the other addressing modes. The
register-direct addressing mode provides access to the
addresses in the register file and the SFRs. The indexed
modes provide for direct access to the remainder of the
64K address space. Inmediate addressing uses the data
fullowing the opcode as the operand.

Both of the indirect addressing modes use the value in a
word register as the address of the operand. The indi-
rect auto-increment mode increments a word address
by one after a byte operation and two after a2 word
operation. This addressing mode provides easy access
into look-up tables.

The long-indexed addressing mode provides direct ac-
cess to any of the locations in the 64K address space.

| ]

intgl.
This mode forms the address of the operand by adding
a 16-bit 2's complement value to the contents of a word
register. Indexing with the zero register allows “direct”
addressing to any location. The short-indexed address-
ing mode forms the address of the operand by adding

an 8-bit 2's complement value to the contents of a word
register.

The multiple addressing modes of the 80C196K B make
it easy to program in assembly language and provide an
excellent interface to high level languages. The instruc-
tions accepted by the assembler consist of mnemonics
followed by either addresses or data. Table 3-1 lists the
mnemonics and their functions. The MCS-96 Macro
Assembler Users Guide, listed in the bibliography, con-
tains additional information on 80C196KB assembly
language.
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i Table 3-1. Instruction Summary
Mnemonic | Operands Operation (Note 1) Flags Notes
Z|N|Cc|v]vr|sT
ADD/ADDB 2 D<«< D+A wilvlv|lw| T -
ADD/ADDB 3 D« B+A vl vl 1| -
ADDC/ADDCSB 2 D«—D+A+C LIvwlwlw| 1Tl -
SUB/SUBB 2 D« D-A wilvl{w|w| 1| -
SUB/SUBB 3 D« B—-A wiv|wlew| 1] -
SUBC/SUBCB 2 D<—D—-A+C—1 Lliwlwlowr T -
CMP/CMPB 2 D—A v vlviv| T -
MUL/MULU 2 DD+2 < DXA —{=1-1-1-1-1 2
MUL/MULU 3 DD+2 < BXA —{=1-{—-1—-1-| 2
| AULB/MULUB 2 DD+1 <« DXA —|{-{-1—-t=-1-1 s
MULB/MULUB 3 DD+ 1« BXA -{=1=-1-1=-1-1 3
DiVU 2 D«—@OD+2/AD+2 «— remainder| — [ —{— || T|-| 2
DivuB 2 D«— DD+ 1)/AD+1 « remainder| — | —|—|»| T | -] 3
DIV 2 D«—((@DD+2/AD+2 « remainder| — | — | = |» | T | —
DiVB 2 D < @OD+ 1)/AD+ 1 « remainder| — | —={—{»| T | -
AND/ANDB 2 D «— DANDA wilrwlolo| - | -
AND/ANDB 3 D < BANDA wlwioflo] —| -
OR/ORB 2 D < DORA v lwlo|lo]| - |-
XOR/XORB 2 D < D(ecx.on A V{00~ —
LD/LDB 2 D« A - =1=1=-1-1-
ST/STB 2 A<D —=-|-{-]-1-
LDBSE 2 D «— A;D+ 1 < SIGN(A) -l=]=-1-1-1-1 34
LpszE 2 D« AD+1« 0 —|-{=]-1-|-1] 34
PUSH 1 SP «— SP —2;(SP) «— A S e e
| bop 1 |A < (SP;SP+2 o el el B
PUSHF 0 SP <«— SP — 2;(SP) < PSW; olololo]o]|o
PSW <— 0000H;| < 0 .
POPF 0 PSW «— (SP;;SP «— SP+ 2l «— » | v || w|v| v | v
SIMP 1 - | PC <« PG + 11-bit offset —=1-]=]-1=-
LIMP 1 PC <« PC + 16-bit offset Il I I
| BRlindirect] 1 PC «— (A) -1-1-1-1-1-
Fl scALL 1 SP « SP —2; ~{=-1-l-1-1-] 5
(SP) «<— PC; PC <«— PC + 11-bit offset
| LCALL 1 SP <«— SP — 2;(SP) < PC; —{=l-]-1-1-1 5
PC «— PC + 16-bit offset

B
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Table 3-1. Instruction Summary (Continued)
Mnemonic Operands Operation (Note 1) Flags Notes
ZIN|C|V|VT|ST
RET 0 PC <«— (SP);SP «— SP + 2 —{=1=1=1-1-
J (conditional) 1 PC <« PC + 8-bit offset (if taken) —f{=|=l=1=1{=1] s
JC 1 JumpifC = 1 —=}=|-1-{-1 &
JNC 1 JumpifC =10 l-t=l=]1-1-1 s
JE 1 JumpifZ =1 _=1=1=1=1=1 s
~NE 1 JumpifZ=0 _T-T=T=1=1=1 s
| JGE 1 JumpifN =10 ~i=|=l=1=1=1 s
JLT 1 Jump ifN = 1 —I-1=1=1=-1-71 s
JGT 1 |JumpifN=0andZ=0 -1-1=-1-1=-1-1 s
JLE 1 JumpifN=10orZ =1 il Kl Bl Bl Bl e 5
JH 1 JumpifC=1andZ =0 —l=l=]=-{~-1-1 5
JNH 1 JumpifC=00rZ=1 JUN QU (U | I N 5
A 1 JumpifV =1 S I
JNV 1 JumpifvV=20 —l=l=-]-1=-1-1 s
JVT 1 Jump if VT= {; Clear VT —{—=t=]=]lo|—-1 s
INVT 1 Jumpif VT = 0; Clear VT —|={=1=|0]| - 5
JST 1 Jumpif ST = 1 —=|-|-t-1-1 5
JNST 1 Jumpif ST=0 ===t =]- 5
J8s 3 | Jumpif Specified Bit = 1 —T=1=-T=-T=1-1 56
JBC 3 Jump if Specified Bit = 0 ~|=|=-1={=1~-] 56
DINZ/ 1 |DeD-% —1=1=1-1-1-1 s
| MINZW If D  0then PC <— PC + 8-bit offset 10
DEC/DECB 1 D«<—D-1 vy T -
NEG/NEGB 1 D« 0-D v vl vl T -
ING/INCB 1 D« D+ 1 rlvlviv| T~
EXT 1 D « D;D + 2 <« Sign(D) I w00 -1 —
EXTB 1 D <« D;D + 1 <« Sign(D) rivwlO|O|——
NOT/NOTB 1 D <« Logical Not (D) vwlewlo]|of —| —
CLR/CLRB 1 D« 0 1]0j0|0| -} —
SHL/SHLB/SHLL 2 C < mshb----- Isb <— 0 viviv|ivri Tl -
SHR/SHRB/SHRL 2 0 — msb----- Ish = C v ivriv|i0] —| v
SHRA/SHRAB/SHRAL 2 msb — msb----- Isb > C sl |0 — | v
SETC 0 C+«— 1 -=l1i=1-1-
CLRC 0 |c«o “I=Tol=1=1-
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E Table 3-1. Instruction Summary (Continued)
Mnemonic | Operands Operation (Note 1) Flags Notes
y ZIN|C|VIVT|ST
CLRVT 0 VT <0 ~{~-1-1-10]-
RST 0 PC <« 2080H oloflofo|lojo]| 8
| 0 Disable All Interrupts (| <— 0) -|l=-t-1-1-1-
| El 0 Enable All Interrupts (| <— 1) - =-1=-{t~-{ - -
NOP 0 PC «— PC +1 -|l=1=-1=-1-1-
SKIP 0 PC «— PC + 2 -I=]-1-]-1-
{ | NORML 2 Left shifttill msb = 1; D <— shift count i | O] -] —| -
1 TRAP 0 SP «— SP—2; -l={-1-1-1-
[ (SP) «<— PC; PC <— (2010H)
PUSHA 1 SP <« SP-2; (SP) «— PSW; o/lo0|ojJo]o}|oO
I PSW <— 0000H; SP <« SP-2;
i (SP) <« IMASK1/WSR; IMASK{ <— OOH
1 POPA 1 IMASK1/WSR <« (Si’); SP «— SP+2 v iwliv|vwiv|v»
. PSW <«— (SP); SP «— SP+2
. [ 1oLPD 1 IDLE MODE IF KEY=1; -|l=]=-1-1-1-
E POWERDOWN MODE IF KEY =2;
CHIP RESET OTHERWISE
E CMPL 2 D-A v vl | T -
{ | BMOV 2 [PTR_HII+ < [PTR_LOW}+; —l=-{-t=-1-1-
| UNTIL COUNT=0
I—.
! NOTES:

4. If the mnemonic ends in “B” a byte operation is performed, otherwise a word operation is done. Operands D, B and A
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be
{ocated anywhere in memory.

2.D0,D + 2 are consecutivea WORDS in memory; D is DOUBLE-WORD aligned.

3.D,D + 1 are consecutive BYTES in memory; D is WORD aligned.

4. Changes a byte to word.

5. Offset is a 2's complement number.

'6. Specified bit is one of the 2048 bits in the register file.

7. The “L" (Long) sutfix indicates double-word operation.

8. initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at
2080H.

19. The assembler will not accept this mnemonic.

*10. The DJNZW instruction is not guaranteed to work. See Functional Deviations section.

Flag Settings. The modification to the flag setting is after the instruction. An up arrow ( T) indicates that
shown for ecach instruction. A checkmark (+) means the instruction may set the flag if it is appropriate but
that the flag is set or cleared as appropriate. A hyphen will not clear the flag. A down arrow (| ) indicates
(-) means that the flag is not modified. A one or zero that the flag can be cleared but not set by the instruc-
(1) or (0) indicates that the flag will be in that state tion.
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3.2 Program Status Word PSW contains status flags and the low byte contains an
interrupt mask register. The PSW high byte is shown in

}
)

!

i T3e Program Status Word (PSW) is a collection of Figure 3-2. Table 3-2 contains descriptions of the status
} Boolean flags which contain information concerning flags.
» the state of the user’s program. The high byte of the

¢

Table 3-2. Status Flag Descriptions

Flag Name Function

i | ST | Sticky Bit Indicates whether any 1's were lost due to a right shift operation; primarily used
! for floating-point routines.

Interrupt Enable Master control for 80G196KB interrupts

C Carry Flag Set if there is a carry (or no borrow), and otherwise cleared, as a result of an
ADD or SUB instruction.

———— .~

VT | Overflow Trap Flag | Set whenever overflow flag is set; cleared only by a CLRVT, JVT or INVT

instruction.
Overflow Flag Setif result is out of range for signed arithmetic operation.
Negative Flag Holds the algebraically correct sign as the result of an operation.
Zero Flag Setif the result of an operation is zero.

b T o P et o S, T W MmN

PSW: 15{14 |13 |1 12)11{10| 9 | 8

Z| | N|[VIVTIC | X | I |S8T

Figure 3-2, The Program Status Word Register
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4.0 INTERRUPTS

i There are 28 different interrupt sources available on the
I 80C196K B. The 28 sources vector through 18 locations
E or interrupt vectors. The vector names and their sourc-

es are shown in Figure 4-1, and their locations are listed

AP-466

in Table 4-1. The four registers that control the inter-
rupt system are: INT__PEND, INT_PENDI,
INT_MASK, INT_MASKI. The Program Status
Word (PSW) contains a global disable bit, I, which is
set or cleared using the EI or DI instructions.
Figure 4-2 shows a block diagram of the interrupt
structure.

SOURCES

VECTORS

NMI

NON — MASKABLE INTERRUPT

- r— —

TIMER 2 CAPTURE

TIMER 2 CAPTURE

HSI FIFO 4

% 4TH FIFO ENTRY

UNIMPLEMENTED OPCODE

UNIMPLEMENTED OPCODE

!
i TRAP INSTRUCTION SOFTWARE TRAP
! EXTINT (P2.2) EXTINT 1
' .Lclocm (= 0)
[ PORT 0.7 ) EXTINT

TIFLAG TIFLAG (NEW)
b ) SERIAL PORT
; RIFLAG R FLAG (NEW)
; SWT0-3 T SOFTWARE TIMER

RESET TIMER 2
E . START A/D ol
; 1 HSLO PIN HSLO PIN
HSO PINS 0 - 5 HIGH SPEED OUTPUT

HSI FIFO FULL (NEW)

HSI FIFO 1S FULL

TR T g T -

i .
i & 10017 (= 1)
i HS! HOLDING REGISTER LOADED -- HSI DATA AVAILABLE
i A/D CONVERSION COMPLETE A/D CONVERSION COMPLETE
TIMER 2 OVERFLOW TIMER 2 OVERFLOW (NEW)
l:aﬁ\locu (=1)
TIMER 1 OVERFLOW 17 TIMER OVERFLOW
10c1.2 (= 1)
272116-3
Figure 4-1. 80C196KB Interrupt Sources
i
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Table 4-1. 80C196KB Interrupt Vector Locations

Number Vector Name L‘cl:::t;;n Priority
INT15 NMI 203EH 15
INT14 HSI FIFO Fult 203CH 14
1{INT18 EXTINT1 203AH 13
INT12 TIMER2 Overflow 2038H 12
INT11 TIMER2 Capture 2036H i
;| INT10 4th Entry into HS! FIFO 2034H 10
i INTOS RI 2032H 9
INTO8 T 2030H 8
SPECIAL [ Unimplemented Opcode 2012H N/A
SPECIAL | Trap 2010H N/A
INTO7 EXTINT 200EH 7
INTO6 Serial Port 200CH 6
INTOS Software Timer 200AH 5
INTO4 HSL.0 Pin 2008H 4
INTO3 High Speed Outputs 2006H 3
INTO2 HSI Data Available 2004H 2
INTO1 A/D Conversion Complete| 2002H 1
INTOO Timer Overflow 2000H 0
NOTE:

Priority 15 = highest, priority 0 = lowest

Three special interrupts are available on the
80C196KB: the external Non-Maskable Interrupt
(NMI), TRAP and Unimplemented Opcode. The exter-
nal NMI pin generates an unmaskable interrupt for im-
plementation of critical interrupt routines. The TRAP
instruction is useful for developing custom software de-
baggers or generating software interrupts. The Unim-
piemented Opcode Interrupt generates an interrupt
upon execution of unimplemented opcodes. This pro-
vides software recovery from random execution during
hardware or software failures.

INTERRUPT SOURCES

TRANSITION
DETECTOR
GLOBAL ENABLE INT PENDING INT MASK
BIT(PSW.9) REGISTER REGISTER

B0c196K8

28 Sources
18 Vectors
PRIORITY
ENCODER
VECTOR STATUS
272116-4

Figure 4-2, 80C196KB Interrupt Structure
Block Diagram

When the hardware detects one of the sixteen inter-
rupts it sets the corresponding bit in one of two
interrupt pending registers (INT_PEND and
INT__PENDI1). Individual interrupts are enabled or
disabled by setting or clearing bits in the mask registers
(INT_MASK and INT_MASKI1). A one in any bit
position will enable the corresponding interrupt
source and a zero will disable it. The interrupt mask and
pending registers are shown in Figure 4-3.

. 7 | 6 4 ]3] 2]1] o
12H INT_PENDA: FIFO| EXT | T2 | T2
130 INT_masKt: | "™ | rure | iNT1 | ove | cap | PS4} RE T
71 6] 5] 4 ]3] 2]1]o0
09H INT_PEND: | EXT | SER |SOFT|Hslo| Hso | Hsi | /D [TiMER
08H INT_MASK: | INT |PORTITIMER| PIN | PIN |DATA|DONE| OVF

12

Figure 4-3. Interrupt Mask and Pending Registers
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The priority encoder looks at all the interrupts that are
both pending and enabled, and selects the one with the
highest priority. The priorities ace shown in Table 4-1
(15 is highest, O is lowest). When the interrupt control-
ler decides to process an interrupt, it executes a “call”
to an Interrupt Service Routine (ISR). The address of
the ISR is contained in the corresponding interrupt vec-
tor location. The interrupt controller clears the associ-
ated pending bit then pushes the return address onto
the stack. The ISR should use the PUSHA instruction
t: save the PSW, INT_MASK, INT_MASKI

AP-466

and WSR on the stack. The PUSHA instruction also
clears the PSW and interrupt mask registers, disabling
all interrupts. The ISR software must then implement
the interrupt priority structure desired for that routine
by enabling only the desired interrupts. At the end of
the ISR, the POPA instruction restores the PSW,
INT_MASK, INT__MASKI1 and WSR to their origi-
nal states and restores the original priority structure. In
most cases an Interrupt Service Routine will have the
basic structure shown below.

INT_VECTOR: PUSHA

LDB INT_MASK, #xxxxxxxxB
LDB INT_MASK1, #xxxxxxxxB
EX

POPA
RET

; Save the PSW, INT_MASK,
sINT_MASK1, and WSR
;Set-up New Interrupt
sPriorities

sEnable Interrupts Again

;Service the Interrupt

'Restore

5.0 TIMERS/COUNTERS

The 80C196KB has two 16-bit timers, Timerl and
rimer2, shown in Figure 5-1. Timerl is readable in
Window 0 and writable in Window 15 while Timer2 is
readable and writable in Window 0. The 80C196KB
also includes separate, dedicated timers for the baud
,rate generator and watchdog timer. The watchdog tim-
e is an internal timer that can be used to reset the
,s:stcm if the software fails to operate properly.

The Timerl value is incremented by the 80C196KB
internal clock every 8 state times. (A state time is 2
oscillator periods, or 0.167 us with a 12 MHz crystal.)
Timerl generates a Timer Overflow Interrupt (INT00)
when crossing the OFFFFH/0000H boundary. 1/0
Control Register 1 (I0C1) controls the Timerl over-
flow interrupt. As shown in Figure 5-2, setting 10C1.2
enables Timerl overflow to INT00. The status of Tim-
erl Overflow Interrupt is read in 1I/O Status Register 1
(1081) shown in Figure 5-3.

HIGH SPEED INPUT

TIMER 2 CAPTURE

(Hso) uNiT

(HS1) UNIT
P2.7
1 ,_/-“l
DOWN/UP
(0P 1 O————p2.6
TIMER 1 TIMER 2 '
|
10c2.1 (= 0)
rj le——— T20LK
STATE CLOCK Mo ——
DIVIDED BY 8 Hst.1
HIGH SPEED OUTPUT T2RST

272116-5

Figure 5-1. Timer Block Diagram

13
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I0C1 (16H) 10S1 (16H)
- —
0 = SELECT PWM / SELECT P2.5 Q = SOFTWARE TIMER O EXPIRED
1 | EXTERNAL INTERRUPT ACH7 / EXTINT 1 |- SOFTWARE TIMER 1 EXPIRED
2 p=== TIMER 1 OVERFLOW INTERRUPT ENABLE / DISABLE 2 p~= SOFTWARE TIMER 2 EXPIRED
3 |— TIMER 2 OVERFLOW INTERRUPT ENABLE / DISABLE 3 |— SOFTWARE TIMER 3 EXPIRED
4 === HSO.4 OUTPYT ENABLE / DISABLE 4 = TIMER 2 HAS OVERFLOW
po— —
i [-— SELECT TXD / SELECT P2.0 i”— TIMER 1 HAS OVERFLOW
6 |— HS0.5 OUTPUT ENABLE / DISABLE 6 J— HSI FIFO IS FULL
7 F== HSI INTERRUPT 7 = HS! HOLDING REGISTER DATA AVAILABLE

FIFO FULL / HOLDING REGISTER LOADED
272116-6

Figure 5-2. 1/0 Control Register 1 (10C1)

NOTE: READING 10S1 CLEARS BITS 0-5.
272116-7

Figure 5-3. 1/0 Status Register 1 (10S1)

10C2 (0BH)

— ENABLE FAST INCREMENT OF T2

— ENABLE T2 AS UP/DOWN COUNTER
—— ENABLE +2 PRESCALER ON PWM
e X (SET TO )

[— A/D CLOCK PRESCALER DISABLE

= T2 ALTERNATE INTERRUPT @ 8000H
b ENABLE LOCKED CAM ENTRIES

|—— CLEAR ENTIRE CAM

Lelofolsfe]ni-]]

272116-8

Figure 5-4. 1/0 Control Register 2 (10C2)

170 Control Register 1 IOC1) and 170 Control Regis-
ter 2 (I0C2) shown in Figure 5-4 determine the func-
tion of Timer2. Timer2 is driven by an external clock.
Bit 7 of IOCO controls whether the T2CLK pin or the
HSI.1 pin function as the Timer2 clock input. Timer2
increments or decrements on every positive and nega-
tive transition. Bit 0 of IOC2 determines the maximum
rate at which Timer2 can receive these transitions.
When IOC2.0 = 1 the maximum transition speed is
once per state time, and when I0C2.0 = 0 the maxi-
mum transition speed is once every 8 state times (Fast
Increment Mode). Setting bit 1 of IOC2 enables Timer2

14

T2 CLK ==\ 4= HSI.1

----- 10€0.7
HSOw 14 CLK
TIMER 2
10€0.1
RST
10€0.3
T2 RST
HSI.0 \—PI- f '
L
t
1
1
J
10€0.5
272116-9

Figure 5-5. Timer2 Clock and Reset Options

to function as an up/down counter. The T2UPDN pin
determines the direction of .Timer2 as an up/down
counter; when T2UPDN = 1 Timer2 counts down and
when T2UPDN = 0 Timer2 counts up. There are two
possible external Timer2 reset sources. I0C0.3 enables
the external reset function and IOCO0.5 determines
whether the T2RST pin or the HSI.O pin will act as the
reset source (Figure 6-4). It is also possible to reset
Timer2 internally using the High Speed Output Unit or
by clearing the Timer2 SFR. Figure 5-5 shows the Tim-
er2 clock and reset options and Table 5-1 lists the Tim-
er2 control bits.
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Table 5-1. Timer2 Control Bits

Bit = 1 Bit=0

10C0.1 Reset Timer2 each write No action
10C0.3 Enable external reset Disable
10C0.5 HSI.0is ext. reset source T2RST is reset source
10C0.7 HSI.1is T2 clock source T2CLK s clock source
10C1.3 Enable Timer2 overflow int. Disable overfiow interrupt
10C2.0 Enable fast increment Disable fast increment
10C2.1 Enable downcount feature Disable downcount
P2.6 Count down if IOCZ.1 = 1 Count up
10C2.5 Interrupt on 7FFFH/8000H Interrupt on OFFFFH/0000H
P2.7 Capture Timer2 into

T2CAPTURE onrising

edge

Timer2 can generate three interrupts: The Timer Over-
flow Interrupt (INTO0), The Timer2 Overflow Inter-
rupt (INT12), and The Timer2 Capture Interrupt
(INT11). IOC1 determines whether Timerl and/or
Timer2 will generate INT00. Timer2 generates an over-
flow interrupt when crossing the OFFFFH/0000H
boundary or the 7FFFH/8000H boundary as deter-
mined by I0C2.5. A Timer2 overflow interrupts
through INTOO if IOC1.3 and INT__MASK.O are set.
Alternatively, Timer2 interrupts through INTI2 if
INT__MASK1.3 is set. Bit 4 of 1/0 Status Register 1
(1051.4), shown in Figure 5-3, indicates that status of
Timer2 Overflow Interrupt.

6.0 HIGH SPEED INPUT UNIT

The High Speed Input Unit (HSI) can record times of
external events with an 8 state time (1.33 ps at
12 MHz) resolution. It can capture the value of Timerl
when an event takes place on one of the four HSI lines
(HSL.0 through HSI.3). The four types of events that
can trigger a capture are: rising edges only, falling edg-
es only, rising or falling edges, or every eighth rising
edge. As shown in Figure 6-2, the four input lines are
independently configurable via the HSI__MODE regis-
ter. This register determines the capture modes of the
four inputs. A block diagram of the HSI unit is shown
in Figure 6-1.

HSI Trigger Options
fFo
1 HI T0 LO INTERRUPT |
HsI & - TIMER
[ L0 TO HI ENABLE . CONTROL LOGIC
LogIC
— Twoew L__ n & 7 i 1 S
(. | DIVIDE weur |, 7x20 BIT
Juuuurunr PORT BUFFERS |4 8v 8 || cHance |—rt—ah > FIFo
EVERY EIGHTH POSITIVE coUNTER | | pETECTOR
TRANSITION e 2y 2 ey
HST PINS o} ) 3 2°¢
, Zrane-10 | msiwoor ]| wsi_status e Hovome resister |
4 16
4 t 3
HSI_TINE
272116-11

Figure 6-1. High Speed Input Unit
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HSI_MODE {(03H)
Eopanann
I—HSI.OMODE

HSL.1 MODE
HSI.2 MODE
HSI.3 MODE

v WHERE EACH 2 = BIT MODE CONTROL FIELD
DEFINES ONE OF 4 POSSIBLE MODES:

00 8 POSITIVE TRANSITIONS
01 EACH POSITIVE TRANSITION
10 EACH NEGATIVE TRANSITION
11 EVERY TRANSITION
(POSITIVE AND NEGATIVE)

272116-12

—

! Flgure 6-2. High Speed Input Mode Register
! (HSI_MODE)
: The HSI unit stores the Timer1 value and 4 status bits
in a 7 x 20 level FIFO and holding register. It is possi-
¥ ble to store 8 entries, 7 in the FIFO and 1 in the hold-
t ing register. The HSI unit will not store events occur-
' ring after the FIFO is full. The HSI holding register
contains the earliest entry placed in the FIFO. Reading
the holding register unloads one level of the FIFO. The
" HSI unit then places the next entry into the holding
. register.
3
} The contents of the HSI holding register are obtained
by first reading the HSI_STATUS register and then
:hc HSI__TIME register. The HSL.__TIME register re-
tums the event time tag. The HSI_STATUS register
returns a status and an input bit for each of the four
I HSI lines (see Figure 6-3). The status bit indicates

a

HSI__STATUS (06H)
| CLEEELLTE
' I— HSL.O STATUS

4 e HS$1. 1 STATUS
HSI.2 STATUS
HSI.3 STATUS

.I WHERE FOR EACH 2 -~ BIT STATUS FIELD THE LOWER

BIT INDICATES WHETHER OR NOT ‘AN EVENT HAS
OCCURED ON THIS PIN AND THE UPPER BIT INDICATES
THE CURRENT STATUS OF THE PIN.
HSIi..STATUS 1S CLEARED WHEN READ.

272116-13

NOTE:
HSI_STATUS is cleared when read.

Figure 6-3. High Speed input Status Reglster
(HSI_STATUS)
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which line(s) caused the event and the input bit indi-
cates the current input level of the line, not the level

when the event occurred. Reading the HSI__TIME
register unloads one level of the FIFO.

To start the HSI use the following steps: 1) Flush the
FIFO, 2) Enable the HSI interrupts, 3) Initialize and
enable the HSI pins. The following section of code will
flush the FIFO:

FLUSH: LD ZERO_REG, ;Unlcad one level of

HSI_TINE the PIFO
SKIP ZERO_REG i¥alt 4 state times
SKIP ZERO_REG iWait 4 state times

JBS I0SL, 7, FLUSH ;Check whether FIFO

is empty

1/0 Control Register 0 (I0C0), shown in Figure 6-4,
can individually enable or disable the four HSI lines
(HSI.O through HSI.3). Disabling an input line discon-
nects it fronr the FIFO, changing its function from an
HSI line to a general purpose input line. However, the
corresponding HSI__STATUS input bits indicate the
current state of the line regardless of whether the line
functions as an HSI input line or as a general purpose
input line.

10C0 (15H)

—— HS1.0 INPUT ENABLE / DISABLE

— TIMER 2 RESET EACH WRITE

— HSL 1 INPUT ENABLE / DISABLE

— TIMER 2 EXTERNAL RESET ENABLE / DISABLE
(— HSI.2 INPUT ENABLE / DISABLE

— TIMER 2 RESET SOURCE HS!1.0 / T2RST

—— HSL.3 INPUT ENABLE / DISABLE

— TIMER 2 CLOCK SOURCE HSL. 1 / TZCLK

[el=fefs]«]~]-]°]

272116-14

Figure 6-4. I/0 Control Reglster 0 {I0C0)
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The HSI unit can generate three interrupts: The HSI
Data Available Interrupt (INTO02), the HSI_FIFO_ 4
{ Interrupt (INT10) and the HSI FIFO FULL Interrupt
i (INT14). Bit 7 of 1/0 Control Register 1 (I0C1) con-
trols the INTO2 source. If IOC1.7 = O loading the
hplding register will cause INTO02; otherwise if IOCL.7
= 1 loading the sixth entry into the FIFO (not includ-
I ing the holding register) will cause INTO2. After
INTO2 occurs bits 6 and 7 of 1/O Status Register 1
i (I0S1) indicate which source caused the intecrupt. The
sources for INT10 and INT14 are independent of
) TOC1. Loading the fourth entry into the FIFO causes
1 INT10 and loading the sixth entry into the FIFO caus-
1 es INT14. Note if IOC1.7 is set, loading the sixth entry
} into the FIFO will cause both INTO2 and INT14.

: 7.0 HIGH SPEED OUTPUT UNIT

\
The HSO unit can trigger events at specified times

« based on Timerl or Timer2. These programmable
cvents include: starting an A/D conversion, resetting
Timer2, generating up to four software time delays and

; setting or clearing one or more of the 6 output lines

j (FSO.0 through HSO.5). The HSO unit stores pending
events and their specified times in a CAM (Content
Addressable Memory) file. Figure 7-1 shows a block
diagram of the HSO unit.

The CAM file is the main component of the HSO. This
| £.estores up to eight commands. Bach CAM register is

AP-466

24 bits wide. Sixteen bits specify the action time, and 8
bits specify the nature of the action and whether Tim-
erl or Timer2 is the reference. Timer2 transitions
should not occur faster than once every 8 state times
when it is used as a reference for the HSO. Commands
for the HSO first enter the HSO holding register. They
then enter the CAM when an empty CAM register is
available. Commands must be in the CAM to execute;
commands in the holding register will not execute. It
takes one state time to compare each CAM location, so
8 state times (1.33 us with a 12 MHz clock) are neces-
sary for a complete CAM search. The HSO unit trig-
gers the specified event when it finds a time match.

Writing to the HSO__COMMAND register and the
HSO__TIME register loads the HSO holding register.
When the next opening in the CAM file is available the
contents of the HSO holding register move into it. The
HSO__COMMAND register shown in Figure 7-2 spec-
ifies the event type, whether an interrupt is to occur,
and the reference timer. The I/O Status Register O
(I0S0) bits 6 and 7 indicate the status of the HSO unit.
If 10S0.6 equals O, the holding register is empty and at
least one CAM register is empty. If 10S0.7 equals 0,
the holding register is empty. The holding register must
be empty before writing the action time to the HSO__
TIME registers. If the holding register is not empty,
writing to the HSO will overwrite the current holding
register value. Always write the command byte first,
followed by the time word.

%
]
]
t

XTAL1/16 =]

16-8BIT 16-8IT

T2CLK =—=—p1 EVENT

THERT | 1oRsT ——>] cOUNTER

CONTROL
LOGIC

A A

—

| ]

R

24
CAM FILE

¢ l«—8

16

v
PR QR S

HOLDING REGISTER

'y A
V.
18 118

o v

-

HSO_COMMAND I HSO_TIME

S r .

16 COMPARATOR |—»

> HUX

v

CAUSE
EVENT

t

HIGH SPEED OUTPUT CONTROLS
6 PINS
4 SOFTWARE TIMERS
2 INTERRUPTS
INITIATE A/D CONVERSION
RESET TIMER2

272116-15
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Figure 7-1. High Speed Output Block Diagram
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HSO__COMMAND (06H)

7 6 5 4 3 | 2 | 1 | 0
HSO__ CAM |[TMR2/| SET/ | INT/
COMMAND | LOCK | TMAT | CLEAR| INT CHANNEL

E: Reset Timer2

CAM Lock — Locks event in CAM if this is enabled by 10C2.6 (ENA__LOCK)
TMR/TMR1 — Events Based on Timer2/Based on Timer1 if O
SET/CLEAR — Set HSO pin/Clear HSO pin if 0

INT/INT  — Cause interrupt/No interrupt if 0
CHANNEL: 0-5: HSO pins 0-5 separately
(in Hex) 6.  HSO pins 0 and 1 together

7 HSO pins 2 and 3 together
8-B: Software Timers 0-3
C-D: Unflagged Events (Do not use for future compatibility)

F: Start A to D Conversion

Figure 7-2. High Speed Output Command Reglster (HSO_Command)

An entry placed in the CAM remains there until its
execution unless a chip reset occurs or the CAM clear
bit (1I0C2.7) is set. It is possible to cancel an external
pending event by writing the opposite event with the
same time tag to the CAM. However, both events re-
main in the CAM until their time tag is matched or the
CAM is cleared. Setting bit 2 of IOC2 enables the
CAM locking function. Setting the CAM lock bit
(HSO_COMMAND.?7) locks the command in the
CAM; a locked CAM entry will execute whenever its
time tag matches the reference time. Locked entries are
useful in applications requiring periodic or repetitive
events to occur. The HSO unit can generate multiple
PWM’s by locking CAM entries and using Timer2 as a
reference. (See Software Example 4)

1051 (16H)
= SOFTWARE TIMER O EXPIRED
— SOFTWARE TIMER 1 EXPIRED
[~ SOFTWARE TIMER 2 EXPIRED
—— SOFTWARE TIMER 3 EXPIRED
— TIMER 2 HAS OVERFLOW
— TIMER 1 HAS OVERFLOW

1]
1

|

— HSI FIFO IS FULL

2
5]
<]
B
O
T [—— HS! HOLDING REGISTER DATA AVAILABLE

272116-16

NOTE:
10S1 is cleared when read.

Figure 7-3. 1/0 Status Register 1 (10S1)
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The HSO unit can generate two interrupts (providing
HSO_COMMAND.4 is set): The High Speed Output
interrupt (INTO03) and The Software Timer interrupt
(INTOS). The High Speed Output interrupt occurs as a
result of changes on one or more of the six output pins.
The other HSO commands, triggering the A/D Con-
verter, resetting Timer2 and setting a Software Timer
Flag, genecrate INTOS5. The 1/O Status Registers IOS1
and JOS2, shown in Figure 7-3 and Figure 7-4 indicate
which event(s) caused a HSO interrupt.

10S2 (17H)

INDICATES WHICH HSO EVENT OCCURRED
0 —HS0.0
—1

1 }==HS0.1
—

2 —HS0.2
Ti—nso.s

4 F—Hs0.4

5 p—HS0.5

6 | T2RESET

7 {—— START A/D

272116-17

NOTE:
1082 is cleared when read.

Figure 7-4. 1/0 Status Register 2 (1052)

The HSO unit can generate interrupts at preset times
via four “Software Timers". Software Timer Flags are
set in the I/O Status Register 1 (I0S1) at the prepro-
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grammed times. If the interrupt bit in the HSO com-
mand register is set, a Software Timer Interrupt will
also occur at the designated time. The interrupt service
routine can then examine IOS1 to determine which
software timer expired and caused the interrupt. The
most common use of the software timers is to trigger
interrupt routines that must occur at regular intervals.

8.0 PULSE WIDTH MODULATION
OUTPUT

The Pulse Width Modulator of the 80C196KB, when
used with external hardware, can provide useful signals
fir a variety of applications. The PWM output can per-
furm digital to analog conversions and drive several
types of motors which require a PWM waveform for
more efficient operation. A block diagram of the PWM
circuit is shown in Figure 8-1. Three registers control
the PWM: 1/0 Control Register 1 (IOC1), I/0 Control
Register 2 (IOC2) and the PWM Register
(PWM__CONTROL). The PWM output shares a pin
with Port 2; setting IOC1.0 selects the PWM function
rather then the standard port function.

The PWM output waveform is a variable duty cycle
pulse that repeats every 256 state times (42.75 pus @
12 MHz) or 512 state times (85.5 ps @ 12 MHz) if the
prescaler bit (I0C2.2) is set. The PWM frequencies for
different clock speeds are shown in Table 8-1. Writinga
value between O and 255 to the PWM_CONTROL

AP-466

register will change the duty cycle. The PWM unit has
an 8-bit counter that is incremented every state time or
every other state time if the prescaler bit is set. When

PWM_CONTROL
REGISTER

!

HOLDING | LOAD

REGISTER
(3
.
COMPARATOR [nt
3 R o Pwu ourpuUT
I PRAN:) °
12 s ®——— PORT 2 PINS
3 10¢1.0

STATE TIME CLOCK
F{xTAL1)/2

272116-18
® Duty Cycle Programmable in 256 Steps

Figure 8-1. PWM Block Diagram

DUTY PWM CONTROL
CYCLE REGISTER VALUE OUTPUT WAVEFORM
H
0% 00 L0
10% 25 H g n
; Lo
Hi
0% 128 Lo | | | ] |
Hi
0% 230 ‘o LI U
Hl
29.6% 255 Lo | ] ]
272116-19
Figure 8-2. Typical PWM Outputs
19
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the counter equals O the PWM output switches high;
when the counter matches the value in the PWM__
CONTROL register the PWM output switches low;
and when the counter overflows the PWM output
switches high again. Typical output waveforms are
shown in Figure 8-2. Values written to PWM__
CONTROL are loaded into a holding register when the
cnunter overflows. This is so the compare circuit will
r it recognize a new value until the counter has expired,
thus preventing missed PWM edges.

Table 8-1. PWM Frequencies

intel.
8.0 ANALOG OUTPUTS

Both the PWM output and the HSO unit can generate
analog outputs. Either peripheral will generate a rec-
tangular pulse train that varies in duty cycle and peri-
od. Filtering the output will create a smooth analog
signal. This filtering is typically done after the signal is
buffered to make it swing over the desired analog out-
put voltage range. A block diagram of the type of cir-
cuit needed is shown in Figure 9-1. The filter can be a
simple RC network or an active filter. Shown in Figure
9-2 is a circuit used for low output currents, (less than

= 100 pA or s0). The PWM unit can generate these wave-
XTAL1 8 MHz 10 MHz 12 MHz forms if a fixed period on the order of 42.75 ps or
10C22=0] 166 KHz | 19.6 KHz | 23.6 KHz 85.5 pus (at 12 MHz) is acceptable. The HSO unit can
I0C2.2 = 1 7.8 KHz 9.8KHz | 11.8KHz generate waveforms with a period of up to 87.5 ms (us-
ing Timerl at 12 MHz2).
BUFFER
80C196KB TO MAKE ALTER
HSO ouTPUT (PASSIVE POWER
OR ANALOG
o/ ] Swina | actve —>| AW > ouTPUT
PWM RAIL (OPTIONAL)
TO {OPTIONAL)
RAIL
272116-20
Figure 9-1. D/A Bufter Block Dlagram
Yee
* 1/2 VQ3001P
6
5
Pwu.___.z\%_q. * ’ SX ANALOG
N our
10
10 uF
2 I
- - 272116-21
80C196KB
H30 A HIGH
on De S—yyy ’ IMPEDANCE |——a f"uﬁ';ﬁg
WM % ¢ AMP
272116-22

20

Figure 9-2. PWM to Analog Conversion Circuitry




—— R RETIENEDN TN We TR TRL AT TG TR Bt O PPl e ¥

B e

W B Seen e e - —

- — ety e T & T -

L r—

intel.

10.0 ANALOG TO DIGITAL
CONVERTER

The 80C196KB analog interface consists of a sample-
and-hold, an 8 channel multiplexer, and a 10-bit ana-
log-to-digital converter. A block diagram of the A/D
converter is shown in Figure 10-1. Port 0, an input-only
port, shares the analog inputs ACHO through ACHJ7.
The A/D Converter uses the successive approximation
method to perform an A/D conversion on one input at
a time. Three SFRs control the A/D Converter. The
AD__COMMAND register controls which channel
and when a conversion will start, and the AD__
RESULT (low and high) registers store the 10-bit con-
version result. Bit 4 of the I/0 Control Register 2
(I0C2.4) controls the number of state times required
for the conversion.

AP-466

To set-up an analog-to-digital conversion load the de-
sired analog input channel into the lower three bits of
the AD_COMMAND register. The GO bit, bit 4 of
the AD__COMMAND register, controls when the
conversion will start. If the GO bit is set the conversion
will start immediately, otherwise the HSO unit will
trigger the conversion. The AD__COMMAND register
is shown in Figure 10-2. The A/D result registers
(AD_RESULT(hi) and AD__RESULT(0)), shown in
Figure 10-3 and Figure 10-4 contain the 10-bit conver-
sion result. The AD__RESULT(hi) register contains
the most significant 8 bits of the result. Bits 6 and 7 of
the AD__RESULT(lo) register contain the remaining
least significant bits (LSB's) of the result. Also, the low-
er four bits of the AD__RESULT(lo) register contain
the A/D channel number and the A/D status as shown
in Figure 10-3. The AD__RESULT(lo) status bit, when
set, indicates that an A/D conversion is in progress. It
takes 8 state times to set this bit after the start of an
A/D conversion.

VREF
1 |
7 =
— [
S5
—> -—___l— ; 2
[ =2 &
g SUCCESSIVE Q-——ba 2'
o
g~ 87101 SAMPLE | §, ppROXIMATION —
© ANALOG AND ™ A /D »7 o
S M| muLTiPLexer HOLD CONVERTER Mo 5
ZI— 53
)
2 w
—> 1%
CONTROL LOGIC 0
b
244 co o
: 5%
L. CHANNEL 3
= 23
ANGND 18
0q
£
START ¢
CONVERSION | P
HSO COMMAND “F" . o

Figure 10-1. A/D Converter Block Diagram
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AD_COMMAND (02H)

CHANNEL # SELECTS WHICH OF THE 8
ANALOG INPUT CHANNELS IS TO BE
CONVERTED TO DIGITAL FORM.

1
1

-

|— GO INDICATES WHEN THE CONVERSION IS TO
BE INITIATED (GO = 1 MEANS START NOW,
GO =0 MEANS THE CONVERSION 1S TO BE

SET UPPER FOUR BITS TO ZERO

[T I=[=[=]~

272116-24

INITIATED BY THE HSO UNIT AT A SPECIFIED TIME).

Figure 10-2. A/D Command Register
(AD_COMMAND)

AD._RESULT (HI) (O3H)

o 1]

-

-

—

] | /D RESULT:

4 MOST SIGNIFICANT 8 BITS

B

s

7]

272116-25

Figure 10-3. A/D Result High Register
(AD__RESULT(HI))

AD__RESULT (LO)(02H)

- al
1

A/D CHANNEL NUMBER

STATUS:
—— 0 = A/D CURRENTLY IDLE
1 = CONVERSION IN PROCESS

—RSV

L Rsv
] A/D RESULT:

0|Ollh-|b||N

LEAST SIGNIFICANT 2 BITS

[~

272116-26

Figure 10-4. A/D Result Low Register
(AD_RESULT(LO))

22

intel.

The clock prescaler bit of I/O Control Register 2
(I0C2.4) determines the number of state times required
for an A/D conversion. High crystal frequencies re-
quire more states to complete a conversion to allow
enough settling time for the internal comparator. When
10C2.4 = 1 the A/D conversion time is 91 state times
(22.75 ps for an 8 MHz crystal) otherwise the A/D
conversion time is 158 state times (26.33 us for a
12 MHz crystal). An A/D Conversion Complete Inter-
rupt (INTO1) occurs on completion of an A/D conver-
sion. It is possible to generate a Software Timer Inter-
rupt (INTOS5) at the start of an A/D conversion by
using the HSO unit to trigger the conversion.

11.0 SERIAL PORT

The Serial Port on the 80C196K B has one synchronous
(Mode 0) and three asynchronous modes (Modes 1--3).
The asynchronous modes are full duplex, meaning they
can transmit and receive data simultaneously. The re-
ceiver on the 80C196KB is double buffered so the re-
ception of a second byte may begin before the first byte
is read. The transmitter is also double buffered and can
generate continuous transmissions.

In the asynchronous modes, the TxD pin is the serial
port transmission line and the RxD pin is the serial
port reception line. Data to and from the serial port is
transferred through the Serial Port Buffers. The Trans-
mit Buffer SBUF(TX) contains data for transmission,
the Receive Buffer SBUF(RX) stores the received data.

The Serial Port Control (SP__CON) register and the
Serial Port Status (SP__STAT) register control the%eri-
al port. Bit 5 of the 170 Control Register 1 (10Cl),
shown in Figure 5-2 enables the TxD pin for serial port
use. Writing to location 11H in Window O accesses the
SP__CON register while reading it accesses the SP__
STAT register. The SP__CON register contains bits
that: determine the Serial Mode (M1 and M2), enable
parity (PEN), enable the receiver (REN), and deter-
mine the state and function of the Sth data bit when
using Modes 2 and 3 (TB8). The SP_STAT register
contains flags that indicate: receive Overrun Error
(OE), Framing Error (FE), Transmitter Empty (TXE),
Transmit Interrupt (TI), Receive Interrupt (RI), Re-
ceive Parity Error (RPE) and Receive Bit 8 (RB8). The
SP__CON and SP__STAT 'registers are shown in Fig-
ure 11-1.
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REN — Enables the receiver

PEN

SP__.CON: 7 6 [ 4 3 2 t 0
188 REN | PEN M2 M1 11H
TB8 — Sets the ninth data bit for transmission. Cleared after each transmission.

Not valid if parity is enabled.

— Enables the Parity function (even parity)
M2, M1 — Sets the mode. ModeQ = 00, Mode1 = 01, Mode2 = 10, Mode 3 = 11

X — Reserved bit. Must be written as 0.
SP_STAT: | 7 6 5 4‘ 3 2 ? 1 0

Pl m | m | mE|oe| x| x |H
RB8 — Setif the oth bit is high on reception (parity disabled)

RPE  — Set if parity is enabled and a parity error occurred
Rl — Set after the last data bit is sampled

T — Set at the beginning of the STOP bit transmission
FE — Set if no STOP bit is found at the end of a reception
TXE — Set if two bytes can be transmitted

OE — Set if the receiver butfer is overwritten

Reading SP_STAT clears Bits 2, 4, 5,6 and 7

Figure 11-1. Serial Port Control and Status Régisters (SP_CON and SP__STAT)

The most common use of Mode 0, the synchronous
mode, is to expand the 1/O capability of the 80C196KB
uzing shift registers. In this mode the port outputs a set
¢} 8 clock pulses on the TxD pin and either transmits
or receives data synchronously on the RxD pin. Data is
transferred 8 bits at a time with the LSB first. A dia-
gram of the relative timing of these signals is shown in

Figure 11-2. A schematic of a typical circuit that uses
shift registers is shown in Figure 11-3. Since this circuit
inverts the input data bits, software must re-invert
them. The users software routine must control two pins
(PX.X) to load data into the 74165 and to enable the
shift clock on the 74164.

I VY e VY I W A VY A VY A WY e WY i W A
Rxojoun) —{ o0 Y o1 Y D2 Y 03 Y o4 Y b5 Y 06 X D7 }—
bo D1 D2 03 D4 05 D8 o7
axomN) ——f }——] M M 1 i mM M
1t U 9§ 1] L] 3 W g
EXPANDED:
o T\ [\ [
RXD{OUT) ————{  DO. L; D1 x 02
Do D1
RXD (IN) {F 1 1 #
272116-27
Figure 11-2. Mode 0 Timing
23
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CLOCK INHIBIT
SHIFT/LOAD
SERIAL IN veS PXx
' 1] ?‘ DATA
= a -—-De . RXD
74165 7a508
] CLOCK
REERRRR ™D
INPUTS
msenm. OUTPUTS 80C196KB
wa LITILL1] eemama
CLEAR 74164 oLE
< £ PXX
*OPEN COLLECTOR

272116-28

Figure 11-3. Typical Shift Registgr Circuit

Mode 1 is the standard asynchronous mode used for
nprmal serial communication. The data frame used in
tais mode is shown in Figure 11-4. It consists of 10 bits:
a start bit, 8 data bits (LSB first) and a stop bit. If
parity is enabled (PEN = 1), an even parity bit is sent
instead of the 8th data bit. Modes 2 and 3 are 9-bit
modes commonly used for multi-processor communica-
tions. The data frame used in these modes, shown in
Figure 11-4, consists of 11 bits: a start bit, nine data bits
(LSB first) and a stop bit. Devices in Mode 2 will inter-
rupt upon reception only if the 9th data bit is set. De-
vices in Mode 3 will always interrupt upon reception.
Mode 3 also allows transmission of 8 data bits plus an
even parity bit.

By making use of Modes 2 and 3 software can easily
communicate between processors. Software sets the 9th
data bit when sending an address or command for all
the processors. In standby mode all the processors wait
in Mode 2 for a byte with the 9th bit set. When they
receive that byte, each processor determines if the next
message is for them. The processor(s) that is to receive
the message switches to Mode 3 and receives the infor-

mation. Since the other processors remain in Mode 2,-

the software can send information with the 9th data bit
cizared ensuring that only the previously addressed

processor(s) will receive the information. This scheme
minimizes the overall CPU time required for the serial
port.

A typical connection diagram for multiprocessor com-
munication is shown in Figure 11-5. This type of com-
munication can connect peripherals to a desk top com-
puter, an axis controller of a multi-axis machine, or any
other group of microcontrollers.

The Serial Port sets the Transmit Interrupt (TI) and
the Receive Interrupt (RI) flags in the SP__STAT reg-
ister to indicate when operations are complete. TI is set
when the last data bit is sent. RI is set when the last
data bit is received (except in mode 2). In mode 2 the
RI flag is set only when the 9th data bit of the reception
is set. Reading the SP__STAT register clears the TI
and Rl flags. In response to the RI and TI flags the
Serial Port generates three possible interrupts: the
Transmit Interrupt (INTO8), the Receive Interrupt
(INTO09) and the Serial Port Interrupt (INTO6). Both
the RI and TI flags generate INTOS, which exists for
compatibility with the 8096BH. Software should enable
INTO6 and disable both INT08 and INTO9 for 8096BH
compatibility. For normal operation software should
disable INTO6 and enable both INT08 and INTOS9.

—

stop \START/ Do X O1 X 02 X 03 X 04 X 05 X 0¢ X 07 /' s10P

10-BIT FRAME

272116-29

stop \ 6TART /00 Y 01 X 02 Y o3 X o4 Xos ¥ o6 X o7 Yo/ st0P
fe——————  sBmsoFpAaTA @ ———=|
PROGRAMMABLE 9TH BIT
| 11-BIT FRAME -

|
272116-30

Figure 11-4. Serial Port Frames, Mode 1,2 and 3
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— CALCULATE COORDINATE TRANSFORMS

Fpttpdacl — DETERMINE VECTOR ENDPOINTS AND
(OPTIONAL) TRAVEL TIMES
; ~ PROVIDE USER INTERFACE
{ ADDRESS DECODE
AND LATCH
i (OPTIONAL)
‘ ij
i — CONVERT VECTORS TO INDIVIDUAL
AXIS COMMANDS
I 80C196KB — CONTROL THE SEMIAL LINK
; ~ MONITOR ENTIRE SYSTEM FOR FAULTS
% SERIAL LINK
H uCS - 96 uCS - 86 NCS - 96 uCS - 96 2051 8051
AXIS AXIS Axis PROCESS umr PRINTER
CONTROLLER CONTROLLER CONTROLLER CONTROLLER CHECKER INTERFACE
272116-31

Whem W e g

# The Baud Rate Register (BAUD__REG) controls the
baud rates for the serial modes. This is a byte wide
register that is loaded sequentially with two bytes, and

{ internally stores the value as a word. The least signifi-

{ cant byte is loaded to the register followed by the most

* significant byte. The most significant bit of the baud

yalue determines the clock source for the baud rate gen-

erator. Setting this bit will select the XTALI1 pin as the
¢tlock, otherwise the T2CLK pin will function as the
cjock. To determine the baud value use the formulas
s”own in Figure 11-6. The baud values for common
baud rates when using XTAL1 as the clock source are
shown in Table 11-1. In most cases a serial link will
Ivork with up to 5.0% difference between baud rates.

L

o

YR enm ek o o e

Common baud rate values, using XTAL1 at 16 MHz,
are shown below.

i Table 11-1. Common Baud Rate Values

§ Baud Baud Register Value
Rate Mode 0 Others

i 9600 8340H 8067H
4800 8682H 80CFH

. 2400 8D04H 81A0H

b 1200 9AOAH 8340H

! 300 E82BH 8D04H

i

¥
]
i

e .

Figure 11-5. Multiprocessor Communication

Asynchronous Modes 1, 2 and 3:

XTAL1 _
Baud Rate * 16

T2CLK

BAUD_REG = L
Baud Rate * 8

Synchronous Mode 0:

XTAL1 B
Baud Rate * 2

T2CLK

AUD__REG = —_—
BAUD_ Baud Rate

1 OR

B must only equal 0 in modes 1, 2 or 3, when using
XTAL1 as the clock source. Do not use B = 0 in
mode 0.

Figure 11-6. Baud Rate Formulas
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A, B I 20 L'OGO (ZOA) Fuji Power Module
IGB\{T MODULE (L series) B Outline Drawings -
i

|
B Features

] Hilgh Speed Switching

) Lqu Saturation Voltage

® Voltage Drive |
[

P

B Applications

° Infverter for Motor Drive

° As,‘, and DC Servo Drive Amplifier
® Upinterruptible Power Supply

° In;dustrial Machines, such as Welding Machines

CASE | M604

§ ‘ - -

i
B Maximum Ratings and Characteristics M Equilavelent Circuit Schematic
® Absolute Maximum Ratings _‘{
lterns ' Symbols Ratings Units !
o+ e e i ot e s =+ = - - s = - - p - + O == i
Collecter-Emitter Voltage :.!‘35__.-,. 600, v ((BSU.\ } le,’} (Gw) r— :
Gafo-tminerValage . e w0 V.| ot WICE |

\ : Continuous tle ... .20 ; £V EV | |
Collecter ims Ve outse 40 A ! u v wo——{ f
CuErent Contmuous ;_—!p ] 20 t Gx2 Gy ;GZ‘ }/1_}

"1ms ~Ic pose .4_0 . i 8X BY |t ¢8BZ

M'a‘x_ Pp_wer D|SS|pat|on "Pc 80 W ! O_I OJS-J Ec::—,
Operatmg Temperature 3T +150 “C o ° ,
Storage Temperature o iTsmg_ . . ..T8010+125 °C : i
Net. Weight . SRS 1. S et '
Isojation Voltage _ AC. imin.  Vea _ __ 2500 v
Screw Torque "Mounting *1 35 kg.cm

*1 I;Ic;:-m\mcndahlc Value 25 10 353kgeem (M5)

1
° Electrical Characteristics (Tj=25°C)

ltei‘ns e
Zero Gate Voltage Collecter Currem

Test Conditions __Min. -Typ. _Max. _quts
V':-OV VC¢-6OOV T 25 C . ) 10 . mA

Gate-Emitter Leackage Current

100 ~A
Gate Emitter Threshold Voltage - 3.0 45 6,0 k
: Collecter Emitter Saturation Volt_a_g';g— RV 27 35 b
lnput Capacitance o "Ceus 1900
oqtp"u“x Capacitance " Cues - o
Reverse Transfe}‘é-‘af)-a-cnance T u_—j Coes . L .o
. ton =o=300V 4 0.8
TfoonTmet2 T leezoa T e TSR
Turn-off Time *3 :£°,_' - Viz=x15V . 06 10 .
SR ST L : R~"209 . .. 62 035
Diode Forward On-Voltage % =20A Vog=0V ! 25 v
‘Reverse Recovery Time T 1:=20A -di/dt=100A/s Voz=-10V ; 300 s
*2 Resistive loud *3 Inductive load
!
® Thermal Characteristics
tgms N o ___Symbols _Te§( Conditions i ‘_r\_/_Iip: . Typ. . Max. Units
I 5 IGBT ; : 1.56
THermal Resistance ‘Diode ) ~ . 3orcav
¢ With Thermal compound ;0.06
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1, Introduction

THe insulated gate bipolar transistor (IGBT) is
inéreasingly being used in small, low-noise, high-
pdrformance power supplies, inverters, uninter-
ruptable power supplies (UPS), and motor speed
co;ntrols. v

Fuji's Hybrid IC driver for IGBTs was developed to
take full advantage of the IGBT.
¢

i e O i o
%4

3. Applications

+* General-purpose inverter and motor control

!

)\ Servo control
-{ Uninterruptable power supplies (UPS)

~E Welding machines

ft. Comprehensive Chart

2.

Features

Various series

Standard series: For up to 10 kHz operation
High-speed series: For up to 40 kHz oberation
These series cover the full range of IGBT products.

Built-in photocoupler for high isolation voitage: 2500
AC: for one minute

Single supply operation

Built-in overcurrent protection circuit

~ Overcurrent detection output

SIL package for high-density mounting

—JZBT 600 V IGBT drive 1200 V IGBT drive

} Up to 150A Up to 400A Up to 75A Up to 300A
.Standard type EXB850  ; EXB851 EXB850 EXB851
THigh-speed type EXB840 EXB841 EXB840 EXB841
Rtesz 1. Standard type: Signal délay in drive circuit; Up to 4us (max.}

2. High-speed type: Signal delay in drive circuit;

-~

3IMIN. |
|
i

- i
10X2.54=25.40 | 7.62 2.54

1

]

5. Dimensions, mm’

+ EXB850

t EXB840

E 10 MAX
¥

[ lu {
¢ 3

P = -

i Q

lO,.B

® 35.56 @

R QSN

Up to 1.5us {max.)

EXB851
EXB841
43 MAX, 10 MAX
ﬁ i 1 %
3 = [ I s |
@ . 1z
L : »
Z.":__‘YYYYYYYTYYY Y
?., 2.54 l o __'___OA_

e
10X2,54=25.40 ! 7.62 2.5¢

@ 35.56 @
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Functional Block Diagrams

850, 851

%$7 - -
O*lercurrent

p'otection
circuit

P ragre——

EXB840, 841

protection
circuit

Photo-
coupler

I
. ﬁatings and Characteristics

Notation common to all EXB series

Pin number

Description

0]

Connected to smoothing
capacitor for reverse bias
power supply

Power supply (+20 V)

Drive 6utput

QSIS

For connecting an external
capacitor to protect against
malfunction of the overcur-
rent protection circuit. {The
capacitor is not needed in
most cases.)

Overcurrent detection output

Collector voltage monitoring

Not connected

Power supply (0 V)

Not connected

Drive signal input (-}

Drive signal input (+)

*

Ab?olute maximum ratings {Ta = 25°C)
em | Symbol | Condition Rating Unit
EXB850, EXB840 | EXB851, EXB841

P {Medium capacity) | {Large capacity)
>‘uppiy voltage Vce 25 \Y
’hotc{coupler input current tin 10 . - mA
-orward bias output current 1g1 PW = 2 pis, duty at 0.05 or less 1.5 4.0 A
Re'yenlse bias output current 1g2 PW = 2 us, duty at 0.05 or less 1.5 4.0 A
nputOutput isolation voltage VIS0 AC 50/60 Hz, 1 minute 2500 v
Oper?tiﬂng surface temperature Tc -10 to +85 °C
Stordge temperature T stg 25 to +125 ‘C

; 7
l Reic,ommended operating conditions
tem E Symbol Recommended operating conditions Unit

i Standard type High-speed type

i EXB850 EXBB51 EXB840 EXB841
Supp'ly voltage Vcc 20 +1 \Y
Photé)coupler input current iin 5 10 mA

5
L]
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; Electrical characteristics (Ta = 25°C)
ltem Symbol | Condition Rating Unit

i EXB840, EXB841 | EXB850, EXB851

" (High speed) (Midium speed)

\ Min.} Typ.| Max. | Min.| Typ.| Max.
'Ifurn-on time 1 ton Vee=20V, IF=5mA 15 2.0 psec
Turn-on time 2 t off Vec=20V, IF=5mA 15 40 | psec

Gvgrcurrent protection voltage t ocp Vec=20V, IF=5mA 7.5 7.5 \)
Qvercurrent protection delay tocp .| Vec=20V,IF=5mA 10 10 psec
Alarm delay t ALM Vee=20V,IF=5mA 1 1 psec
3everse bia;s power supply voltage| V RB Veee20V 5 5 Vv
Note: EXB851 and EXB850 (medium speed) require IF overdrive shown in the application circuit.

I

8! Application Circuits

1} EXB850 Application Circuits Control circuit PC board
[}

. EXB850 is a hybrid IC capable of driving up to ERAdI10

150A for a 600V IGBT and up to 75A for a 1200 V >
{ IGBT. Since the signal delay in the drive circuit is °
4us or less, the hybrid IC is suitable for switching ” - caT
} atup to about 10 kHz. S4mA ¥ ™ e | ’ﬂ

} Note the following when using the hybrid IC: exBas0

«» The IGBT gate-emitter drive loop wiring must be 1 —

t shorter than one meter. ® /
; . . - Orjve u LA Twisted
1 The IGBT gate-emitter drive wiring should be signal s o | W
twisted.
%Y < lec

«1 If a large voltage spike is generated at the collec- SGuivatent — } teclated pow

tor of the IGBT, increase the IGBT's gate series

resistor (RG).

1 The 33 uF (#) capacitor absorbs changes in the
} supply voltage caused by the power supply
wiring impedance. It is not a power supply filter
¢ capacitor.

Recommended gate resistance and current consumption

5

4.7x Q12w
Overcurrent detection output

———— oV

*1: Fast recovery diode

#2: Photo coupler

IGBT rating| 600 V 10 A 15 A 30 A 50 A 75 A 100 A 150 A
1200 V — 8A 15 A 25 A — 50 A 75 A
RG 250 Q 150 Q @ 50 Q 33Q 25 Q 15 Q
lce 5 kHz . 24 mA 26 mA
24 mA
10 kHz 25 mA 29 mA
15 kHz 25 mA 27 mA 32 mA




XB§'51 Application Circuits

X8851 is a hybrid IC capable of driving up to
00A for 600 V IGBT and up to 300A for a 1200 V
3BT, Since the- signal delay in the drive circuit is
Hs or less, the hybrid IC is suitable for switching
t uq to about 10 kHz.

lotei the following when using the hybrid IC:
i

he IGBT's gate-emitter drive loop wiring must
e shorter than one meter.

he IGBT’s gate-emitter drive wiring should be
wisfed.

f a large voltage spike is generated at the collec-
ar o{ the IGBT, increase the IGBT's gate series
asistor(RG).

The 47 uF (#) capacitor absorbs changes in
he §upply voltage caused by the power
supply wiring impedance. It is not a power
aupply filter capacitor.

omrhended gate resistance and current consumption

Contyol circuit PC board

]

ERAJL-10
6
H
47,5
~——1s 2 p——F IGBT
> 4mA “L ™, RG I K
3
EXBS8S1
1
+L
9t T / Twisted
. 47uF
“lcc
TLP521 “or — 20V
equivalent lsolaled power
supply
ov
4.7k Mm2W

Overcurrent detection output

k
- i | 600V 200 A 300 A 400 A —
ing ¢ | 1200 v 200 A 150 A 200 A 3004 |
i‘ 120 8.2Q 5Q 330
. J § kHz 27mA | 29mA | 30mA | 34mA

1 10 kHz 31 mA 34 mA 37 mA 44 mA

"1 15kHz 34mA | 39mA 44 mA 54 mA

3
=EXB840 Application Circuits

=EXB840 is a hybrid IC capable of driving up to
150A for 600 V IGBT and up to 75A for a 1200 V
IGBT. Since the signal delay in the drive circuit is
us br less, the hybrid IC is suitable for sw1tch|ng
at up to about 40 kHz.

Noté the following when using the hybrid IC:

The:lGBT’s gate-emitter drive loop wiring must
be shbérter than one meter.

1
The IGBT's gate-emitter drive wiring should be
twisted.

i

if a large voltage spike is generated at the collec-
tor ?f the IGBT, increase the IGBT's gate series
resnstor(RG)

The 33 uF (#) capacitor absorbs changes in the
supj ly voltage caused by the power supply
wmpg impedance. Itis not a power supply filter
capacitor.

.

Control circuit PC board

-

*1: Fast recovery diode
#2: Photo coupler

-ty

ERAJ4-10
6
*33,F
-——{}—115 2
=>10mA
3
EXBa40
1
Drf " 9
sonal s o |3
21 of
equnvalen

I

Twisted

<icc
— 20V
Isola(ed power
supply

4.7k12W

Overcurrent detection output

*1: Fast recovery diode
*2: Photo coupler

.,
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ommended gate resistance and current consumption

R E
g
IGBT rating 600 V 10A 15 A 30A 50 A 75 A 100 A 150 A
' 1200 V — 8 A 15A 25 A — 50 A 75 A
RG 250 Q 150 Q @ 50 @ 330 250 1590
} S—
gcc 5 kHz . 17 mA 19 mA
H 17 mA
} 10 kHz 18 mA 22 mA
' 15 kHz 18 mA 20 mA 25 mA
T
{ ) .
4 EXB841'Application Circuits Control circuit PC board
;EX8841 is a hybrid IC capable of driving up to "
400A for 600 V IGBT and up to 300A for a 1200V ERA3-10
IGBT. Since the signal delay in the drive circuit is
1us or less, the hybrid IC is suitable for switching € v
rat up to about 40 kHz. ™ e 2 T . IGBT
i =>10mA .
' Note the following when using the hybrid iC: 3 f,f—_-,_, ﬁ
; EXB841
- 1 The IGBT's gate-emitter drive loop wiring must
' be shorter than one meter. !
« ' The IGBT's gate-emitter drive wiring should be Ofve,, u 9t [ Twisted
twisted. . ’ s« |F
!
« If a large voltage spike is generated at the collec- P21 Zor S
| tor of the IGBT, increase the IGBT's gate series equtvatent TN } teolated powe
! resistor(RG). — oV
N o Overcurrent detection o‘ugu‘:‘nw
* The 47 uF (#) capacitor absorbs.changes in *1: Fast recovery diode
' the supply voltage caused by the power *2: Photo coupler
supply wiring impedance. it is not a power
' supply filter capacitor.
P
éecommended gate resistance and current consumption
1
,lG@T 600V 200 A 300 A 400 A -
;’at‘“g 1200 V 200 A 150 A 200 A 300 A
3
.RG 12Q 8.2Q 5Q 33Q
lee 5 kHz 20 mA 22 mA 23 mA 27 mA
E 10 kHz 24 mA 27 mA 30 mA 37 mA
13
é 15 kHz 27 mA 32 mA 374 mA 47 mA

- -
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